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lit INTRODUCTION II 

1.1 OMAHA DISTRICT WATER QUALITY MANAGEMENT PROGRAM 

The Omaha Dist.Iict (District) of the U.S. Almy C01ps of Engineers (C01ps) is implementing a 
Water Quality Management Program (WQMP) as prut of the operation and maintenance activities 
associated with managing the Corps' civil works projects in the Dist.Iict. The WQMP addresses smface 
water quality management issues and adheres to the guidance and requirements specified in the Corps' 
Engineering Regulation - ER 1110-2-8154, "Water Quality and Environmental Management for Corps 
Civil Works Projects" (USACE, 1995). The following fom goals have been established for the District's 
WQMP (USACE, 2009): 

I) Ensme that smface water quality, as affected by Disu·ict Projects and their regulation, is suitable 
for project pmposes, existing water uses, and public health and safety; and is in compliance with 
applicable Federal, Tribal, and State water quality standru·ds. 

2) Establish and maintain a smface water quality monitoring and data evaluation progrrun that 
facilitates the achievement of water quality management objectives, allows for the 
characterization of water quality conditions, and defines the influence of District Projects on 
smface water quality. 

3) Establish and maintain su·ong working partnerships and collaboration with appropriate entities 
within and outside the Corps regru·ding smface water quality management at District Projects. 

4) Document the water quality management activities of the Distr·ict's Water Quality Management 
Progrrun and smface water quality conditions at Distr·ict Projects to record u·ends, identify 
problems and accomplishments, and provide guidance to program and project managers. 

Water quality data collection and assessment ru·e of pru·amotmt importance to the implementation of the 
Disu·ict's WQMP. 

The District prepares periodic reports to regulru·ly assess and document smface water quality 
conditions present at C01ps civil works t.Iibutruy projects in the Dist.Iict. These reports describe existing 
smface water quality conditions, identify smface water quality tr·ends, and identify any evident smface 
water quality management issues. The periodic reporting of smface water quality conditions provides 
information to facilitate water quality management decisions regru·ding the operation and regulation of the 
Corp s Tributruy Projects. 

1.2 CORPS CIVIL WORKS TRIBUTARY PROJECTS WITHIN THE OMAHA DISTRICT 

The locations of Corps tr·ibutruy civil works project areas within the District ru·e shown on Figme 
1.1 . Table 1.1 provides background information on the projects. These are the Tributary Projects under 
the pmview of the Disu·ict's WQMP. 
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Figure 1.1.  Tributary Projects in the Omaha District.  (Refer to Table 1.1 for project background information.) 
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Table 1.1. Background information for the Tributary Projects located in the Omaha District. 
 

 
Project 

 
Location 

Dam 
Closure

Reservoir 
Size (1) Authorized Proposes(2) 

Water Quality Designated 
Beneficial Uses(3) 

Tri-Lakes Reservoirs (Colorado):     
Bear Creek Denver, CO 1977 107 A (mp) FC, Rec, FW Rec, CAL, DWS, AWS 
Chatfield Denver, CO 1973 1,423 A (mp) FC, Rec, FW, WS Rec, CAL, DWS, AWS 
Cherry Creek Denver, CO 1948 844 A (mp) FC, Rec, FW Rec, WAL, DWS, AWS 
Salt Creek Reservoirs (Nebraska):     
Bluestem (Dam #4) Lincoln, NE 1962 309 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Branched Oak (Dam #18) Lincoln, NE 1967 1,847 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Conestoga (Dam #12) Lincoln, NE 1963 217 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Holmes (Dam #17) Lincoln, NE 1962 123 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Olive Creek (Dam #2) Lincoln, NE 1963 162 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Pawnee (Dam #14) Lincoln, NE 1964 739 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Stagecoach (Dam #9) Lincoln, NE 1963 195 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Twin Lakes (East and West) (Dam #13) Lincoln, NE 1965 236 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Wagon Train (Dam #8) Lincoln, NE 1962 277 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Yankee Hill (Dam #10) Lincoln, NE 1965 211 A (mp) FC, Rec, FW Rec, WAL, AWS, Aes 
Papillion Creek Reservoirs (Nebraska):   
Ed Zorinsky (Dam #18) Omaha, NE 1984 259 A (mp) FC, Rec, FW, WQ Rec, WAL, AWS, Aes 
Glenn Cunningham (Dam #11) Omaha, NE 1974 377 A  (mp) FC, Rec, FW, WQ Rec, WAL, AWS, Aes 
Standing Bear (Dam #16) Omaha, NE 1972 125 A (mp) FC, Rec, FW, WQ Rec, WAL, AWS, Aes 
Wehrspann (Dam #20) Omaha, NE 1982 239 A (mp) FC, Rec, FW, WQ Rec, WAL, AWS, Aes 
North Dakota Reservoirs:      
Bowman-Haley  Bowman, ND 1966 1,732 A (mp) FC, Rec, FW, WQ, WS Rec, WAL, FW, AWS 
Pipestem  Jamestown, ND 1973 840 A (mp) FC, Rec, FW, WQ Rec, WAL, AWS, Aes 
South Dakota Reservoirs:      
Cold Brook Hot Springs, SD 1952 36 A (mp) FC, Rec, FW, WQ Rec, FW, CAL, AWS, DWS 
Cottonwood Springs Hot Springs, SD 1969 41 A (mp) FC, Rec, FW, WQ Rec, FW, WAL, AWS, DWS
 

(1) A = acres and mp = top of multipurpose pool. 
(2) Purposes authorized under Federal laws for the operation of the Corps projects. 
 FC = Flood Control, Rec = Recreation, FW = Fish & Wildlife, WS = Water Supply, WQ = Water Quality. 
(3) Water quality dependent beneficial uses designated to the reservoir in State water quality standards pursuant to the Federal Clean Water Act. 
 Rec = Recreation, CAL = Coldwater Aquatic Life, DWS = Domestic Water Supply, AWS = Agricultural Water Supply, WAL = Warmwater 

Aquatic Life, Aes = Aesthetics, and FW = Fish and Wildlife. 
 
 
 
1.3 WATER QUALITY MONITORING PURPOSES AND OBJECTIVES  

 
The District has established 4 purposes and 12 monitoring objectives for surface water quality 

monitoring under its WQMP.  These monitoring purposes and objectives were established to meet the 
water quality information needs of the WQMP and the water quality management objectives, data 
collection rules and objectives, data application guidance, and reporting requirements identified in ER 
1110-2-8154.  The monitoring purposes and objectives that have been established are: 

Purpose 1: Determine surface water quality conditions at District Projects. 
Monitoring Objectives: 
1) For new District water resource projects establish baseline surface water quality conditions as 

soon as possible and appropriate. 
2) Characterize the spatial and temporal distribution of surface water quality conditions at District 

Projects. 
3) Identify pollutants and their sources that are affecting surface water quality and the aquatic 

environment at District Projects. 
4) Evaluate water/sediment interactions and their effects on overall surface water quality at District 

Projects. 
5) Identify the presence and concentrations of contaminants in indicator and human-consumed fish 

species at District Projects. 
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6) Investigate unique events (e.g., fish kills, hazardous waste spills, operational emergencies, health 
emergencies, public complaints, etc.) at District Projects that may have degraded surface water 
quality or impacted the aquatic environment. 

 
Purpose 2: Document surface water concerns that are due to the operation and reservoir regulation of 

District Projects. 
Monitoring Objectives: 
7) Determine if surface water quality conditions at District Projects or attributable to District 

operations or reservoir regulation (i.e., downstream conditions resulting from reservoir 
discharges) meets applicable Federal, Tribal, and State water quality standards. 

8) Determine if surface water quality conditions at District Projects or attributable to District 
operations or reservoir regulation are improving, degrading, or staying the same over time. 

9) Apply water quality models to assess surface water quality conditions at District Projects. 
Purpose 3: Provide data to support project operations and reservoir regulation for effective 

management and enhancement of surface water quality and the aquatic environment. 
Monitoring Objectives: 
10) Provide surface water quality data required for real-time regulation of District Projects. 
11) Collect the information needed to design, engineer, and implement measures or modifications at 

District Projects to enhance surface water quality and the aquatic environment. 
Purpose 4: Evaluate the effectiveness of structural or regulation measures implemented at District 

Projects to enhance surface water quality and the aquatic environment. 
Monitoring Objective: 
12) Evaluate the effectiveness of implemented measures at District Projects to improve surface water 

quality and the aquatic environment. 
 

1.4 DATA COLLECTION APPROACHES 
 

The District has identified four approaches to surface water quality data collection (USACE, 
2009).  These four surface water quality data collection approaches are:  

 

 • Long-term fixed-station ambient monitoring, 
 • Intensive surveys, 
 • Special studies, and 
 • Investigative monitoring. 
 

Long-term fixed-station ambient monitoring is intended to provide information that will allow the 
District to determine the status and trends of surface water quality at District Projects.  This type of 
sampling consists of systematically collecting samples at the same location over a long period of time 
(e.g., collecting monthly water samples at the same site for several years). 

 
Intensive surveys are intended to provide more detailed information regarding surface water 

quality conditions at District Projects.  They typically will include more sites sampled over a shorter 
timeframe than long-term fixed-station monitoring.  Intensive surveys will provide the detailed water 
quality information needed to thoroughly understand surface water quality conditions at a project. 

 
Special studies are conducted to address specific information needs.  Special studies may be 

undertaken to collect the information needed to “scope-out” a specific surface water quality problem, 
apply water quality models, design and engineer modifications at projects, or evaluate the effectiveness of 
implemented surface water quality management measures. 
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Investigative monitoring is typically initiated in response to an immediate need for surface water 
quality information at a District Project.  This may be in response to an operational situation, the 
occurrence of a significant pollution event, public complaint, or a report of a fish kill.  Any District 
response to a pollution event or fish kill would need to be coordinated with the appropriate Tribal, State, 
and Local agencies.  The type of sampling that is done for investigative purposes is highly specific to the 
situation under investigation. 
 
1.5 GENERAL SURFACE WATER QUALITY CONCERNS IN THE OMAHA DISTRICT 

 
The District was identified six general concerns that are impacting surface water quality at Corps 

projects to some extent.  These six general surface water quality concerns are: 1) reservoir eutrophication 
and hypolimnetic dissolved oxygen depletion, 2) sedimentation, 3) shoreline erosion, 4) bioaccumulation 
of contaminants in aquatic organisms, 5) occurrence of pesticides, and 6) urbanization.  

 
1.5.1 RESERVOIR EUTROPHICATION AND HYPOLIMNETIC DISSOLVED OXYGEN DEPLETION 

Reservoirs are commonly classified or grouped by trophic or nutrient status.  The natural 
progression of reservoirs through time is from an oligotrophic (i.e., low nutrient/low productivity) 
through a mesotrophic (i.e., intermediate nutrient/intermediate productivity) to a eutrophic (i.e., high 
nutrient/high productivity) condition.  The tendency toward the eutrophic or nutrient-rich status is 
common to all impounded waters.  The eutrophication, or enrichment process, can be accelerated by 
nutrient additions to the reservoir resulting from cultural activities. 

 
As deeper, temperate lakes warm in the spring and summer they typically become thermally 

stratified, due to the density differences of the water, into three vertical zones: 1) epilimnion, 2) 
metalimnion, and 3) hypolimnion.  The epilimnion is the upper zone of less dense, warmer water in the 
lake that remains relatively mixed due to wind action and convection.  The metalimnion is the middle 
zone that represents the transition from warm surface water to cooler bottom water.  The hypolimnion is 
the bottom zone of more dense, colder water that is relatively quiescent.   

 
A significant water quality concern that can occur in reservoirs that thermally stratify in the 

summer is the depletion of dissolved oxygen levels in the hypolimnion.  The depletion of dissolved 
oxygen is attributed to the differing density of water with temperature, the utilization of dissolved oxygen 
in the decomposition of organic matter, and the oxidation of reduced inorganic substances.  When density 
differences become significant, the deeper colder water is isolated from the surface and re-oxygenation 
from the atmosphere.  In eutrophic lakes, the decomposition of the abundant organic matter can 
significantly reduce dissolved oxygen in the quiescent hypolimnetic zone.  Anoxic conditions in the 
hypolimnion can result in the release of sediment-bound substances (e.g., phosphorus, metals, sulfides, 
etc.) as the reduced conditions intensify and result in the production of toxic and caustic substances (e.g., 
hydrogen sulfide, methane, etc.).  Most fish and other intolerant aquatic life cannot inhabit water with less 
than 4 to 5 mg/l dissolved oxygen for extended periods.  These conditions can impact aquatic life in the 
reservoir and also in waters downstream of the reservoir if its releases through the dam are from a bottom 
or near-bottom outlet. 

 
1.5.2 SEDIMENTATION 

Sedimentation is a process that reduces the usefulness of reservoirs, and the Corps will commonly 
allow for additional volume to accommodate sedimentation when designing and constructing reservoirs.  
Reservoir ecology, especially fisheries and benthic aquatic life, can be seriously affected by 
sedimentation.  The reservoir can suffer ecological damage before a volume function such as flood 
control is impacted.  The influx of sediment eliminates fish habitat, adds nutrients, reduces aesthetics, and 
decreases biodiversity.  Managing sediment loading will typically enhance water quality and aquatic 
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habitat and prolong the recreational use of a reservoir.  Reservoir sedimentation can be managed to some 
extent by constructing sediment basins and wetlands at the headwaters of reservoirs. 

 
1.5.3 SHORELINE EROSION 
 

Shoreline erosion is a major problem occurring on nearly all reservoirs located in areas of 
erodible soils such as the Midwest.  Over 6,000 miles of reservoir shoreline exist at District projects, and 
it is estimated that over 70 percent of this shoreline is eroding.  Some locations have been protected, such 
as recreational and archaeological sites, but most of the shoreline continues to erode.  Continued loss of 
the shoreline habitat (littoral zone) results in the loss of fishery habitat as well as loss of habitat for other 
biota such as aquatic vegetation and benthic invertebrates. 

 
1.5.4 BIOACCUMULATION OF CONTAMINANTS IN AQUATIC ORGANISMS 

 
Bioaccumulation is the accumulation of contaminants in the tissue of organisms through any 

route, including respiration, ingestion, or direct contact with contaminated water or sediment.  
Bioavailability is the potential for a chemical to be available for biological uptake by an aquatic organism 
when that organism is processing or encountering a given environmental medium (e.g., the chemicals that 
can be extracted by the gills from the water as it passes through the respiratory cavity or the chemicals 
that are absorbed by internal membranes as the organism moves through or ingests sediment).  In the 
aquatic environment, a chemical can exist in three different basic forms that affect availability to 
organisms: 1) dissolved, 2) sorbed to biotic or abiotic components and suspended in the water column or 
deposited on the bottom, and 3) incorporated (accumulated) into organisms.  Bioconcentration is a 
process by which there is a net accumulation of a chemical directly from water into aquatic organisms 
resulting from simultaneous uptake (e.g., by gill or epithelial tissue) and elimination.  Biomagnification is 
the result of the process of bioconcentration and bioaccumulation by which tissue concentrations of 
bioaccumulated chemicals increase as the chemical passes up through two or more trophic levels.  The 
term implies an efficient transfer of a chemical from food to consumer so that residual concentrations 
increase systematically from one trophic level to the next.    

 
Bioaccumulation of contaminants can have a direct effect on aquatic organisms.  These effects 

can be chronic (reduced growth, fecundity, etc.) and acute (lethality).  The bioaccumulation of 
contaminants can also be a concern to human health when the contaminated tissue of aquatic organisms is 
consumed by humans. 

   
1.5.5 OCCURRENCE OF PESTICIDES 

 
Pesticides are widely applied to lands throughout the District.  Pesticides recently detected at 

District Tributary Projects include: acetochlor, alachlor, atrazine, benfluralin, deethylatrazine, 
deisopropylatrazine, isopropalin, metolachlor, metribuzin, profluralin, prometon, propazine, simazine, and 
trifluralin.  Many of these pesticides do not have State or Federal numeric water quality standards criteria 
established. 

 
1.5.6 URBANIZATION 

 
Urbanization around many District Projects is occurring at a rapid pace.  Tributary reservoirs with 

urbanizing watersheds include Cherry Creek, Chatfield, and Bear Creek in the Denver, Colorado area; 
Holmes in the Lincoln, Nebraska area; and Ed Zorinsky, Glen Cunningham, Standing Bear, and 
Wehrspann in the Omaha, Nebraska area.  Urbanization, to a much lesser degree, is occurring at other 
Tributary Projects in the District. 
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Construction methods used to develop urban areas disturb the land and allow sediment-laden 
runoff to impact nearby streams and lakes.  Best management practices (BMPs) to minimize construction 
associated sedimentation damages are used ineffectively in many cases.  BMPs to control the impact of 
construction practices include; sediment retention basins, phased “grading”, runoff control (e.g. hay bales, 
silt fences, vegetative ground cover, terracing, etc), etc.  Efforts need to be made to prevent sedimentation 
from off-project construction activities from causing impacts to District Projects.  This could be 
accomplished by the appropriate State, County, or City agencies working with developers.   

 
Post-construction problems are commonly associated with storm drainage and urban pollution.  

The conversion of grasslands or forests to roads, rooftops, sidewalks, and other water impervious surfaces 
make stream flows more variable and increases the frequency of high flow events.  In addition, pollutants 
associated with urban drainage can impact downstream waterbodies.  Storm sewer exits can be allowed 
on project lands provided detention in the form of ponds, swales, or wetlands exist on private property.   
A developer may be asked to construct a series of detention basins and wetlands to slow downhill flows 
and provide time for bacterial die-off, chemical degradation, and sediment settling. 

 
1.6 PRIORITIZATION OF DISTRICT-WIDE WATER QUALITY MANAGEMENT ISSUES  
 

The District has identified seven priority issues for water quality management.  These priority 
issues and their relative ranking are listed in Table 1.2. 

 
1.7 PROJECT-SPECIFIC WATER QUALITY MANAGEMENT ISSUES AT THE 

TRIBUTARY PROJECTS 
 
1.7.1 SECTION 303(D) LISTINGS OF IMPAIRED WATERS 
 

Under Section 303(d) of the Federal Clean Water Act (CWA), Tribes and States, with the 
delegated authority from the U.S. Environmental Protection Agency (EPA), are required to prepare a 
periodic list of impaired waters [i.e., Section 303(d) list].  Impaired waters refer to those waterbodies 
where it has been determined that technology-based effluent limitations required by Section 301 of the 
CWA are not stringent enough to attain and maintain applicable water quality standards.  Tribes and 
States, as appropriate, are required to establish and implement Total Maximum Daily Loads (TMDLs) for 
waterbodies on their Section 303(d) lists. 

 
1.7.2 FISH CONSUMPTION ADVISORIES 
 

Fish are capable of accumulating many toxic substances in excess of 1,000 times the 
concentrations found in surface waters.  The public has expressed concerns on whether fish caught from 
District Project waters are safe to consume.  It is important that answers to public health concerns be 
based on substantiated knowledge of toxicants in fish fillets and the public health risks associated with 
measured toxicant concentrations.  This type of information can be used by States when considering the 
issuance of fish consumption advisories.  Fish consumption advisories have been issued for fish caught 
from certain District Project waters.  Mercury is the most prevalent contaminant leading to the issuance of 
fish consumption advisories at District Projects. 
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1.7.3 SUMMARY OF PROJECT-SPECIFIC TMDL CONSIDERATIONS, FISH CONSUMPTION 

ADVISORIES, AND OTHER WATER QUALITY MANAGEMENT ISSUES 
 

Table 1.3 summarizes TMDL considerations, fish consumption advisories, and other water 
quality management issues applicable to District Tributary Projects.  The impaired uses and 
pollutant/stressors (i.e., TMDL considerations) and identified contamination (i.e., Fish Consumption 
Advisories) identified in Table 1.3 are taken directly from the appropriate State 303(d) impaired waters  
listings and issued fish consumption advisories.  They are provided for information purposes and are not 
based on water quality monitoring conducted by the District.  The listed other water quality management 
issues in Table 1.3 were identified by the District based on District water quality monitoring and water 
quality management concerns.  Water quality management issues at specific Tributary Projects are 
assessed in further detail in any Project-Specific Reports prepared by the District or State-prepared 
TMDL plans developed for any State-listed impaired waterbody.  

Table 1.2. Priority water quality management issues within the Omaha District. 
 

Ranking* Water Quality Management Issue 

1 
Determine how regulation of the Missouri River Mainstem System (Mainstem System) dams affects 
water quality in the impounded reservoir and downstream river.  Utilize the CE-QUAL-W2 
hydrodynamic and water quality model to facilitate this effort. 

2 Evaluate how eutrophication is progressing in the Mainstem System reservoirs, especially regarding 
the expansion of anoxic conditions in the hypolimnion during summer stratification. 

3 Determine how the flow regime, especially the release of water from Mainstem System projects, 
affects water quality in the Missouri River. 

4 Provide water quality information to support Corps reservoir regulation elements for effective 
surface water quality and aquatic habitat management. 

5 Provide water quality information and technical support to the Tribes and States in the development 
of their Section 303(d) lists and development and implementation of TMDLs at District projects. 

6 Identify existing and potential surface water quality problems at District projects and develop and 
implement appropriate solutions. 

7 Evaluate surface water quality conditions and trends at District projects. 
* 1 = Highest priority, 7 = Lowest Priority 
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Table 1.3. Summary of project-specific water quality management issues and concerns at District Tributary Projects. 
 

TMDL Considerations* Fish Consumption 
Advisories 

Project Area 
On 303(d) 

List 
 

Impaired Uses 
 

Pollutant/Stressor 
TMDL 

Completed 
Advisory in 

Effect 
Identified 

Contamination
Other Water Quality 
 Management Issues 

Colorado Tributary Projects:        
Bear Creek Reservoir Yes** Aquatic Life Dissolved Oxygen** No No  Site specific phosphorus and 

chlorophyll-a water quality criteria 
Chatfield Reservoir No ----- ----- ----- No  Site specific phosphorus and 

chlorophyll-a water quality criteria 
Cherry Creek Reservoir Yes Aquatic Life, Recreation Chlorophyll-a, Dissolved Oxygen ** No No  Site specific phosphorus and 

chlorophyll-a water quality criteria 
Nebraska Tributary Projects:        
Bluestem Reservoir Yes Aesthetics Chlorophyll-a, Sediment No No  Nutrients 
Conestoga Reservoir Yes Aesthetics Algae Toxins, Chlorophyll-a No No  Cyanobacteria toxins 

Nutrients 
East Twin Reservoir Yes Aesthetics Chlorophyll-a No No  Nutrients 
Ed Zorinsky Reservoir Yes Aquatic Life  Mercury (Fish Tissue) Yes/No Yes Mercury TMDLs for dissolved oxygen, nutrients, 

and sediment approved (2002) 
Glenn Cunningham Reservoir Yes Aesthetics, Aquatic Life Dissolved Oxygen, Nutrients No No  Lake renovation project being 

implemented 
Holmes Reservoir No ----- ----- Yes No  TMDLs for nutrients and sediment 

approved (2003) 
Olive Creek Reservoir Yes Aesthetics, Aquatic Life Chlorophyll-a, pH No No  Nutrients 
Pawnee Reservoir Yes Aesthetics, Aquatic Life Algae Toxins, Arsenic Yes/No No  TMDL for sediment approved (2001) 

Cyanobacteria toxins 
Nutrients 

Stagecoach Reservoir Yes Aesthetics Chlorophyll-a No No  Nutrients 
Standing Bear Reservoir Yes Aquatic Life Mercury (Fish Tissue) Yes/No Yes Mercury TMDLs for sediment, dissolved oxygen, 

and nutrients approved (2003) 
Wagon Train Reservoir Yes Aesthetics, Aquatic Life Arsenic, Chlorophyll-a Yes No  TMDLs for sediment, dissolved oxygen, 

and nutrients approved (2002) 
Nutrients 

Wehrspann Reservoir Yes Aquatic Life Mercury (Fish Tissue) No Yes Mercury  
West Twin Reservoir Yes Aquatic Life, Aesthetics Ammonia, Chlorophyll-a No No  Nutrients 
Yankee Hill Reservoir No ----- ----- Yes No  TMDLs for nutrients and sediment 

approved (2002) 
North Dakota Tributary Projects:        
Bowman-Haley Reservoir No ----- ----- ----- Yes Mercury Algal blooms 
Pipestem Reservoir Yes Recreation Nutrients/Eutrophication 

Biological Indicators 
No Yes Mercury Fully Supported But Threatened 

South Dakota Tributary Projects:        
Cold Brook Yes Coldwater Fishery Water Temperature No No  Natural Condition 
* Information taken from published State Total Maximum Daily Load (TMDL) Section 303(d) reports and listings as of October 1, 2008. 
** Identified on Colorado’s Monitoring and Evaluation List.  Water quality problem suspected, but uncertainty exists based on available data. 
 
 

 



11 2 LIMNOLOGICAL PROCESSES IN RESERVOIRS II 

All of the Tributa1y Projects in the District involve the operation and maintenance of a rese1voir 
and the regulation of flows discharged from rese1voirs. Much of the water quality monitoring conducted 
by the District is done to detemrine existing water quality conditions and identify water quality 
management concems at these rese1voirs. A basic understanding of the linmological processes that occur 
in rese1voirs is needed to understand the water quality inf01mation provided in this rep01t. The following 
discussion provides a basic ove1view of limnological processes that occur in rese1voirs. 

2.1 VERTICAL AND LONGITUDINAL WATER QUALITY GRADIENTS 

The annual temperature distribution represents one of the most imp01t ant linmological processes 
occmTing within a rese1voir. The1mal variation in a rese1voir results in temperature-induced density 
stratification, and an tmderstanding of the thermal regime is essential to water quality assessment. Deep, 
temperate-zone lakes typically completely nrix from the surface to the bottom twice a year (i.e., dinrictic). 
Temperate-zone dintictic lakes exhibit thermally-induced density stratification in the summer and winter 
months that is separated by periods of "tmnover" in the spring and fall. This stratification typically 
occurs through the interaction of wind and solar insolation at the lake smface and creates density 
gradients that can influence lake water quality. During the summer, solar insolation has its highest 
intensity and the rese1voir becomes stratified into three zones: 1) epilimnion, 2) metalimnion, and 3) 
hypolimnion. 

Epilimnion: The epilinmion is the upper zone that consists of the less dense, warmer water in the 
rese1voir. It is fairly turbulent since its thickness is deternrined by the turbulent kinetic energy 
inputs (e.g., wind, convection, etc.), and a relatively unif01m temperature distribution throughout 
this zone is maintained. 

Metalimnion: The metalimnion is the ntiddle zone that represents the transition from warm 
surface water to colder bottom water. There is a distinct temperature gradient through the 
metalinmion. The metalimnion contains the the1mocline that is the plane or smface of maximum 
temperature rate change. 
Hypolimnion: The hypolimnion is the bottom zone of more dense, colder water that is relatively 
quiescent. Bottom withdrawal or fluctuating water levels in rese1voirs, however, may 
significantly increase hypolimnetic mixing. 

Long, dendritic rese1voirs, with tributa1y inflows located a considerable distance from the outflow 
and unidirectional flow from headwater to dam develop gradients in space and time (USACE, 1987). 
Although these gradients ar·e continuous from headwater to dam, three char·acteristic zones result: a 
rive1ine zone, a zone of transition, and a lacustrine zone (US ACE, 1987). 

Riverine Zone: The 1iverine zone is relatively narTow, well mixed, and although water cunent 
velocities ar·e decreasing, advective forces ar·e still sufficient to transp01t significant quantities of 
suspended part icles, such as silts , clays, and organic part iculate. Light penetration in this zone is 
minimal and may be the limiting factor that controls p1imary productivity in the water column. 
The decomposition of tributary organic loadings often creates a significant oxygen demand, but 
an aerobic environment is maintained because the riverine zone is generally shallow and well 
nrixed. Longitudinal dispersion may be an imp01t ant process in this zone. 
Zone of Transition: Significant sedimentation occurs through the transition zone, with a 
subsequent increase in light penetration. Light penetration may increase gradually or abmptly, 
depending on the flow regime. At some point within the nrixed layer of the zone of transition, a 
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compensation point between the production and decomposition of organic matter should be 
reached.  Beyond this point, production of organic matter within the reservoir mixed layer should 
begin to dominate. 
Lacustrine Zone:  The lacustrine zone is characteristic of a lake system.  Sedimentation of 
inorganic particulate is low.  Light penetration is sufficient to promote primary production, with 
nutrient levels the limiting factor and production of organic matter exceeds decomposition within 
the mixed layer. Entrainment of metalimnetic and hypolimnetic water, particulate, and nutrients 
may occur through internal waves or wind mixing during the passage of large weather fronts.  
Hypolimnetic mixing may be more extensive in reservoirs than “natural” lakes because of bottom 
withdrawal at dams.  In addition, a dam intake structure may simultaneously remove water from 
the hypolimnion and metalimnion. 

 
 When tributary inflow enters a reservoir, it displaces the reservoir water.  If there is no density 
difference between the inflow and reservoir waters, the inflow will mix with the reservoir water as the 
inflow water moves toward the dam.  However, if there are density differences between the inflow and 
reservoir waters, the inflow moves as a density current in the form of overflows, interflows, or 
underflows.  Internal mixing is the term used to describe mixing within a reservoir from such factors as 
wind, Langmuir circulation, convection, Kelvin-Helmholtz instabilities, and outflow (USACE, 1987). 
 
2.2 CHEMICAL CHARACTERISTICS OF RESERVOIR PROCESSES 
 
2.2.1 CONSTITUENTS 
 

Some of the most important chemical constituents in reservoir waters that affect water quality are 
needed by aquatic organisms for survival. These include oxygen, carbon, nitrogen, and phosphorus.  
Other important constituents are silica, manganese, iron, and sulfur. 

 
Dissolved oxygen:  Oxygen is a fundamental chemical constituent of waterbodies that is essential to the 
survival of aquatic organisms and is one of the most important indicators of reservoir water quality 
conditions.  The distribution of dissolved oxygen (DO) in reservoirs is a result of dynamic transfer 
processes from the atmospheric and photosynthetic sources to consumptive uses by the aquatic biota.  The 
resulting distribution of DO in the reservoir water strongly affects the solubility of many inorganic 
chemical constituents.  Often, water quality control or management approaches are formulated to 
maintain an aerobic, or oxic (i.e., oxygen-containing), environment.  Oxygen is produced by aquatic 
plants (phytoplankton and macrophytes) and is consumed by aquatic plants, other biological organisms, 
and chemical oxidations. In reservoirs, the DO demand may be divided into two separate but highly 
interactive fractions: sediment oxygen demand (SOD) and water column oxygen demand. 

Sediment oxygen demand: The SOD is typically highest in the upstream area of the reservoir just 
below the headwaters.  This is an area of transition from riverine to lake characteristics.  It is 
relatively shallow but stratifies.  The loading and sedimentation of organic matter is high in this 
transition area and, during stratification, the hypolimnetic DO to satisfy this demand can be 
depleted.  If anoxic conditions develop, they generally do so in this area of the reservoir and 
progressively move toward the dam during the stratification period.  The SOD is relatively 
independent of DO when DO concentrations in the water column are greater than 3 to 4 mg/l but 
becomes limited by the rate of oxygen supply to the sediments. 
Water column oxygen demand:  A characteristic of many reservoirs is a metalimnetic minimum in 
DO concentrations, or negative heterograde oxygen curve (Figure 2.1).  Density interflows not 
only transport oxygen-demanding material into the metalimnion, but can also entrain reduced 
chemicals from the upstream anoxic area and create additional oxygen demand.  Organic matter 
and organisms from the mixed layer settle at slower rates in the metalimnion because of increased 
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viscosity due to lower temperatures. Since this labile organic matter remains in the metalimnion 
for a longer time pe1iod, decomposition occurs over a longer time, exe1ting a higher oxygen 
demand. Meta.limnetic oxygen depletion is an imp01tant process in deep rese1voirs. A 
hypolimnetic oxygen demand generally struts at the sediment/water interface tmless underflows 
contribute organic matter that exe1ts a significant oxygen demand. In addition to metalimnetic 
DO depletion, hypolimnetic DO depletion also is imp01tant in shallow, stratified rese1voirs since 
there is a smaller hypolimnetic volume of oxygen to satisfy oxygen demands than in deeper 
rese1voirs. 

Dissolved oxygen distribution: Two basic types of vertical DO distribution may occur in the 
water column: an 01thograde and clinograde DO distiibution (Figure 2.1). In the o1thograde 
disu·ibution, DO concenu·ation is a fimction p1imruily of temperature, since DO consumption is 
limited. The clinograde DO profile is representative of more productive, nuu·ient-rich rese1voirs 
where the hypolimnetic DO concentration progressively decreases during su·atification and can 
occur dming both summer and winter su·atification periods. 
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Figure 2.1. Ve1t ical oxygen concentrations possible in the1mally stratified lakes. 

Inorganic cru·bon: Inorganic carbon represents the basic building block for the production of organic 
matter by plants. Inorganic carbon can also regulate the pH and buffe1ing capacity or alkalinity of aquatic 
systems. Inorganic cru·bon exists in a dynamic equilibrium in three major f01ms: cru·bon dioxide (C02), 

bicru·bonate ions (HC03) , and carbonate ions (C03) . Cru·bon dioxide is readily soluble in water and some 
C02 remains in a gaseous f01m, but the majority of the C02 f01ms cru·bonic acid that dissociates rapidly 
into HC03 and C03 ions. This dissociation results in a weakly alkaline system (i.e., pH ~ 7.1 or 7 .2). 
There is an inverse relationship between pH and C02. The pH increases when aquatic plants 
(phytoplankton or macrophytes) remove C02 from the water to f01m organic matter through 
photosynthesis during the day. During the night when aquatic plants respire and release C02, the pH 
decreases. The extent of this pH change provides an indication of the buffering capacity of the system. 
Weakly buffered systems with low alkalinities (i.e., <500 microequivalents per liter) expe1ience larger 
shifts in pH than well-buffered systems (i.e.,> 1,000 microequivalents per liter). 

Niu·ogen: Nitrogen is imp01tant in the f01mulation of plant and animal protein. Niu·ogen, similar to 
carbon, also has a gaseous f01m. Many species of cyanobacteria can use or fix elemental or gaseous N2 as 
a nitrogen source. The most common f01ms of niu·ogen in aquatic systems ru·e ammonia (NH3-N), niu·ite 
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(NO2-N), and nitrate (NO3-N).  All three forms are transported in water in a dissolved phase.  Ammonia 
results primarily from the decomposition of organic matter.  Nitrite is primarily an intermediate 
compound in the oxidation or nitrification of ammonia to nitrate, while nitrate is the stable oxidation state 
of nitrogen and represents the other primary inorganic nitrogen form besides NH3 used by aquatic plants. 
 
Phosphorus:  Phosphorus is used by both plants and animals to form enzymes and vitamins and to store 
energy in organic matter.  Phosphorus has received considerable attention as the nutrient controlling algal 
production and densities and associated water quality problems.  The reasons for this emphasis are: 
phosphorus tends to limit plant growth more than the other major nutrients; phosphorus does not have a 
gaseous phase and ultimately originates from the weathering of rocks; removal of phosphorus from point 
sources can reduce the growth of aquatic plants; and the technology for removing phosphorus is more 
advanced and less expensive than nitrogen removal.  Phosphorus is generally expressed in terms of the 
chemical procedures used for measurement: total phosphorus, particulate phosphorus, dissolved or 
filterable phosphorus, and soluble reactive phosphorus.  Phosphorus is a very reactive element; it reacts 
with many cations such as iron and calcium and is readily sorbed on particulate matter such as clays, 
carbonates, and inorganic colloids.  Since phosphorus exists in a particulate phase, sedimentation 
represents a continuous loss from the water column to the sediment.  Sediment phosphorus, then, may 
exhibit longitudinal gradients in reservoirs similar to sediment silt/clay gradients.  Phosphorus 
contributions from sediment under anoxic conditions and macrophyte decomposition are considered 
internal phosphorus sources or loads, and are in a chemical form readily available for plankton uptake and 
use.  Internal phosphorus loading can represent a major portion of the total phosphorus budget. 
 
Silica:  Silica is an essential component of diatom algal frustules or cell walls.  Silica uptake by diatoms 
can markedly reduce silica concentrations in the epilimnion and initiate a seasonal succession of diatom 
species.  When silica concentrations decrease below 0.5 mg/l, diatoms generally are no longer 
competitive with other phytoplankton species. 
 
Other nutrients:  Iron, manganese, and sulfur concentrations generally are adequate to satisfy plant 
nutrient requirements.  Oxidized iron (III) and manganese (IV) are quite insoluble in water and occur in 
low concentrations under aerobic conditions.  Under aerobic conditions, sulfur usually is present as 
sulfate. 
 
2.2.2 ANAEROBIC (ANOXIC) CONDITIONS 
 

When dissolved oxygen concentrations in the hypolimnion are reduced to approximately 2 to 3 
mg/l, the oxygen regime at the sediment/water interface is generally considered hypoxic, and anaerobic 
processes begin to occur in the sediment interstitial water.  Nitrate reduction to ammonium and/or N2O or 
N2 (denitrification) is considered to be the first phase of the anaerobic process and places the system in a 
slightly reduced electrochemical state.  Ammonium-nitrogen begins to accumulate in the hypolimnetic 
water.  The presence of nitrate prevents the production of additional reduced forms such as manganese 
(II), iron (II), or sulfide species.  Denitrification probably serves as the main mechanism for removing 
nitrate from the hypolimnion.  Following the reduction or denitrification of nitrate, manganese species are 
reduced from insoluble forms (i.e., Mn (IV)) to soluble manganous forms (i.e., Mn (II)), which diffuse 
into the overlying water column.  Nitrate reduction is an important step in anaerobic processes since the 
presence of nitrate in the water column will inhibit manganese reduction.  As the electrochemical 
potential of the system becomes further reduced, iron is reduced from the insoluble ferric (III) form to the 
soluble ferrous (II) form, and begins to diffuse into the overlying water column.  Phosphorus, in many 
instances, is also transported in a complexed form with insoluble ferric (III) species so the reduction and 
solubilization of iron also result in the release and solubilization of phosphorus into the water column. 
The sediments may serve as a major phosphorus source during anoxic periods and a phosphorus sink 
during aerobic periods.  During this period of anaerobiosis, microorganisms also are decomposing organic 
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matter into lower molecular weight acids and alcohols such as acetic, fulvic, humic, and citric acids and 
methanol.  These compounds may also serve as trihalomethane precursors (low-molecular weight organic 
compounds in water; i.e., methane, formate acetate), which, when subject to chlorination during water 
treatment, form trihalomethanes, or THMs (carcinogens).  As the system becomes further reduced, sulfate 
is reduced to sulfide, which begins to appear in the water column.  Sulfide will readily combine with 
soluble reduced iron (II), however, to form insoluble ferrous sulfide, which precipitates out of solution.  If 
the sulfate is reduced to sulfide and the electrochemical potential is strongly reducing, methane formation 
from the reduced organic acids and alcohols may occur.  Consequently, water samples from anoxic depths 
will exhibit these chemical characteristics. 

 
Anaerobic processes are generally initiated in the upstream portion of the hypolimnion where 

organic loading from the inflow is relatively high and the volume of the hypolimnion is minimal, so 
oxygen depletion occurs rapidly.  Anaerobic conditions are generally initiated at the sediment/water 
interface and gradually diffuse into the overlying water column and downstream toward the dam.  Anoxic 
conditions may also develop in a deep pocket near the dam due to decomposition of autochthonous 
organic matter settling to the bottom.  This anoxic pocket, in addition to expanding vertically into the 
water column, may also move upstream and eventually meet the anoxic zone moving downstream. 
 

Anoxic conditions are generally associated with the hypolimnion, but anoxic conditions may 
occur in the metalimnion.  The metalimnion may become anoxic due to microbial respiration and 
decomposition of plankton settling into the metalimnion, microbial metabolism of organic matter entering 
as an interflow, or through entrainment of anoxic hypolimnetic water from the upper portion of the 
reservoir. 
 
2.3 BIOLOGICAL CHARACTERISTICS AND PROCESSES 
 
2.3.1 MICROBIOLOGICAL 
 

The microorganisms associated with reservoirs may be categorized as pathogenic or 
nonpathogenic.  Pathogenic microorganisms are of a concern from a human health standpoint and may 
limit recreational and other uses of reservoirs.  Nonpathogenic microorganisms are important in that they 
often serve as decomposers of organic matter and are a major source of carbon and energy for a reservoir.  
Microorganisms generally inhabit all zones of the reservoir as well as all layers.  Seasonally high 
concentrations of bacteria will occur during the warmer months, but they can be diluted by high 
discharges.  Anaerobic conditions enhance growth of certain bacteria while aeration facilitates the use of 
bacterial food sources.  Microorganisms, bacteria in particular, are responsible for mobilization of 
contaminants from sediments. 

 
2.3.2 PHOTOSYNTHESIS 
 

Oxygen is a by-product of aquatic plant photosynthesis, which represents a major source of 
oxygen for reservoirs during the growing season.  Oxygen solubility is less during the period of higher 
water temperatures, and diffusion may also be less if wind speeds are lower during the summer than the 
spring or fall.  Biological activity and oxygen demand typically are high during thermal stratification, so 
photosynthesis may represent a major source of oxygen during this period.  Oxygen supersaturation in the 
euphotic zone can occur during periods of high photosynthesis. 

 
2.3.3 PLANKTON 
 

Phytoplankton influence dissolved oxygen and suspended solids concentrations, transparency, 
taste and odor, aesthetics, and other factors that affect reservoir uses and water quality objectives.  
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Phytoplankton are a primary source of organic matter production and form the base of the autochthonous 
food web in many reservoirs since fluctuating water levels may limit macrophyte and periphyton 
production.  Phytoplankton can be generally grouped as diatoms, green algae, cyanobacteria (i.e., blue-
green algae), or cryptomonad algae.  Chlorophyll a represents a common variable used to estimate 
phytoplankton biomass. 

 
Seasonal succession of phytoplankton species is a natural occurrence in reservoirs.  The spring 

assemblage is usually dominated by diatoms and cryptomonads.  Green algae usually succeed the diatoms 
as silica depletion in the photic zone occurs with increased settling as viscosity decreases because of 
increased temperatures.  Decreases in nitrogen or a decreased competitive advantage for carbon at higher 
pH may result in cyanobacteria succeeding the green algae during summer and fall.  Diatoms generally 
return in the fall, but cyanobacteria, greens, or diatoms may cause algae blooms following fall turnover 
when hypolimnetic nutrients are mixed throughout the water column.  The general pattern of seasonal 
succession of phytoplankton is fairly constant from year to year.  However, hydrologic variability, such as 
increased mixing and delay in the onset of stratification during cool, wet spring periods, can maintain 
diatoms longer in the spring and shift or modify the successional pattern of algae in reservoirs. 

 
Phytoplankton grazers can reduce the abundance of algae and alter their successional patterns.  

Some phytoplankton species are consumed and assimilated more readily and are preferentially selected by 
consumers.  Single-celled diatom and green algae species are readily consumed by zooplankton, while 
filamentous cyanobacteria are avoided by zooplankters.  Altering the fish population can result in a 
change in the zooplankton population that can affect the phytoplankton population. 

 
2.3.4 ORGANIC CARBON AND DETRITUS 
 

Total organic carbon (TOC) is composed of dissolved organic carbon (DOC) and particulate 
organic carbon (POC).  Detritus represents that portion of the POC that is nonliving.  Nearly all the TOC 
of natural waters consists of DOC and detritus, or dead POC.  The processes of decomposition and 
consumption of TOC are important in reservoirs and can have a significant affect on water quality. 

 
DOC and POC are decomposed by microbial organisms.  This decomposition exerts an oxygen 

demand that can remove dissolved oxygen from the water column.  During stratification, the metalimnion 
and hypolimnion become relatively isolated from sources of dissolved oxygen, and depletion can occur 
through organic decomposition.  There are two major sources of this organic matter: allochthonous (i.e., 
produced outside the reservoir and transported in) and autochthonous (i.e., produced within the reservoir).  
Allochthonous organic carbon in small streams may be relatively refractory since it consists of decaying 
terrestrial vegetation that has washed or fallen into the stream.  Larger rivers, however, may contribute 
substantial quantities of riverine algae or periphyton that decompose rapidly and can exert a significant 
oxygen demand.  Autochthonous sources include dead plankton settling from the mixed layers and 
macrophyte fragments and periphyton transported from the littoral zone.  These sources are also rapidly 
decomposed. 

 
POC and DOC absorbed onto sediment particles may serve as a major food source for aquatic 

organisms.  The majority of the phytoplankton production enters the detritus food web with a minority 
being grazed by primary consumers (USACE, 1987).  While autochthonous production is important in 
reservoirs, typically as much as three times the autochthonous production may be contributed by 
allochthonous material (USACE, 1987).    
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2.4 BOTTOM WITHDRAWAL RESERVOIRS 
 
 Bottom withdrawal structures are located near the deepest part of a reservoir.  Bottom withdrawal 
removes hypolimnetic water and nutrients and may promote movement of interflows or underflow into 
the hypolimnion.  They release cold water from the deep portion of the reservoir; however, this water may 
be anoxic during periods of stratification.  Bottom outlets can cause density interflows or underflows 
(e.g., flow laden with sediment or dissolved solids) through the reservoir and generally provide little or no 
direct control over release water quality. 



11 3 TRIBUTARY PROJECTS WATER QUALITY MONITORING II 

3.1 COLORADO TRIBUTARY PROJECTS 

The District has not conducted water quality monitoring at any of the three District Ttibutruy 
Projects in Colorado since 2002. At each of these resetvoirs (i.e., Beru· Creek, Chatfield, and Cheny 
Creek), local Watershed AuthOiities have been established to improve and protect water quality. As prut 
of these eff01t s, the Watershed Authorities have established water quality monitoring networks at each of 
the three resetvoirs. After reviewing the water quality monit01ing eff01ts of the three Watershed 
Authorities, the District detemrined that its water quality inf01mation needs can be met though the use of 
the water quality data collected through the Bear Creek, Chatfield, and Cheny Creek Watershed 
Authorities. 

3.2 NEBRASKA TRIBUTARY PROJECTS 

3.2.1 AMBIENT RESERVOIR WATER Q UALITY MONITORING 

The Distiict has conducted fixed-station ambient surface water quality monitoiing at all the 
Nebraska tiibutruy resetvoirs. Some resetvoirs have been monitored for the past 30 years. Since 2003, 
the Distiict has cooperated with the Nebraska Deprut ment of Environmental Quality (NDEQ) to monitor 
ambient surface water quality conditions at all the Papillion Creek tt·ibutaty resetvoirs (i.e., Glenn 
Cunningham, Standing Bear, Wehrspann, and Ed Zorinsky) and Salt Creek u·ibutruy resetvoirs (i.e., 
Bluestem, Branched Oak, Conestoga, East Twin, Holmes, Olive Creek, Pawnee, Stagecoach, Wagon 
Train, West Twin, and Yankee Hill). Recent water quality monit01ing was curtailed at Glenn 
Cunningham due to draw-down of the resetvoir for aquatic habitat renovations. 

Ambient smface water quality monitoiing at the Nebraska tt·ibutruy resetvoirs included monthly 
sampling (May through September) at three longitudinal locations on the resetvoirs: 1) neru·-dam, 2) 
middle reaches, and 3) upsu·eam reaches. Where a discrete submerged creek channel still existed, the 
monitoring site was located in the deepwater ru·ea over the submerged creek channel. Water quality 
monitoiing at the neru·-dam location included field measurements for depth profiling and water 
u·anspru·ency, and collection ofneru·-surface and near-bottom grab samples for laborat01y analysis. Water 
quality monitoring at the mid-resetvoir and up-resetvoir locations included field measurements for depth 
profiling and water u·ansparency. Depth profiles in Y:z-meter increments were determined for temperature, 
dissolved oxygen, pH, conductivity, ORP, turbidity, and chlorophyll a. Near-surface grab samples were 
analyzed for alkalinity, nitrate/nitrite, total runmonia, Kjeldahl nitt·ogen, total phosphoms, 
otthophosphoms, total suspended solids, chlorophyll a, pesticides, and various metals. Except for 
chlorophyll Q, pesticides, and various metals, neru·-bottom samples grab samples were analyzed for the 
same pru·ameters. 

3.2.2 MONITORING AT SWIMMING B EACHES 

The Distt·ict has cooperated with the NDEQ to monitor bactetia and cyanobactetia toxin levels 
present at swimming beaches and major recreational use areas at the Nebraska u·ibutaty resetvoirs over 
the past 5 years. Resetvoirs that were sampled include: Glenn Cunningham, Bluestem, Branched Oak, 
Conestoga, Pawnee, and Wagon Train. Weekly grab samples were collected from May to September and 
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analyzed for E. coli bacteria and the cyanobacteria toxin microcystin.  The bacteria monitoring was 
conducted to meet a 6-hour holding time for collected samples. 
 
3.2.3 INFLOW MONITORING DURING RUNOFF CONDITIONS 
 

Since 2003, the District has cooperated with the NDEQ to monitor water quality conditions of 
major inflows under runoff conditions at all the Nebraska tributary reservoirs.  Up to six runoff events 
from April through September were sampled annually at each of the reservoirs.  Near-surface runoff grab 
samples were collected from a bridge or stream bank and analyzed for suspended solids, total Kjeldahl 
nitrogen, nitrate/nitrate, total ammonia, total phosphorus, acetochlor, alachlor, atrazine, and metolachlor. 
 
3.3 NORTH DAKOTA TRIBUTARY PROJECTS 
 

The District has monitored ambient water quality conditions over the past 30 years at the two 
Tributary Projects in North Dakota – Bowman-Haley and Pipestem.  During the past 5 years, ambient 
monitoring of the reservoirs was conducted in 2004 and 2007.  Ambient water quality monitoring at 
Bowman-Haley and Pipestem Reservoirs is now on a 3-year rotating cycle with the next ambient 
monitoring scheduled for 2010.  The ambient monitoring included monthly sampling (May through 
September) at near-dam and mid-reservoir deepwater locations.  Water quality monitoring at the near-
dam location included field measurements for depth profiling and water transparency and collecting near-
surface and near-bottom water samples for laboratory physicochemical analysis.  Water quality 
monitoring at the mid-reservoir location included field measurements for depth profiling and water 
transparency.  Depth profiles in 1/2-meter increments were determined for temperature, dissolved oxygen, 
pH, conductivity, ORP, turbidity, and chlorophyll a.  Near-surface grab samples were analyzed for 
alkalinity, nitrate/nitrite, total ammonia, Kjeldahl nitrogen, total phosphorus, orthophosphorus, total 
suspended solids, total organic carbon, chlorophyll a, pesticides, and various metals.  Except for 
chlorophyll a, pesticides, and various metals, near-bottom samples grab samples were analyzed for the 
same parameters.   
 
3.4 SOUTH DAKOTA TRIBUTARY PROJECTS 
 

The District has monitored ambient water quality conditions at the two Tributary Projects in 
South Dakota – Cold Brook and Cottonwood Springs.  Ambient water quality monitoring at the two 
reservoirs is now on a 3-year rotating cycle with the next monitoring scheduled for 2011.  Since 2000 
monitoring at the reservoirs occurred in 2000-2003 and 2008.  Ambient water quality monitoring was 
scheduled for both reservoirs in 2005, but was cancelled due low water conditions and access problems.  
The District conducted water quality monitoring at Cold Brook Reservoir in 2008; however, Cottonwood 
Springs Reservoir was again not sampled in 2008 due to low water conditions.  Scheduled ambient water 
quality monitoring includes monthly sampling (May through September) at near-dam, mid-reservoir, and 
up-reservoir locations.  Water quality monitoring at the near-dam location includes field measurements 
for depth profiling and water transparency and collecting near-surface and near-bottom water samples for 
laboratory physicochemical analysis.  Water quality monitoring at the mid-reservoir and up-reservoir 
locations include field measurements for depth profiling and water transparency.  Depth profiles in ½-
meter increments are determined for temperature, dissolved oxygen, pH, conductivity, ORP, turbidity, 
and chlorophyll a.  Near-surface grab samples are analyzed for alkalinity, nitrate/nitrite, total ammonia, 
Kjeldahl nitrogen, total phosphorus, orthophosphorus, total suspended solids, total organic carbon, 
chlorophyll a, pesticides, and various metals.  Except for chlorophyll a, pesticides, and various metals, 
near-bottom samples grab samples are analyzed for the same parameters. 

 
 



114 WATER QUALITY ASSESSMENTMETHODS II 

4.1 EXISTING WATER QUALITY 

In this rep01t existing water quality is based on the "Sufficient and Credible Data Requirements" 
identified by the appropriate States in their methodologies for water quality assessment for development 
of the State's integrated water quality rep01ts. The State integrated water quality repo1ts follow the U.S. 
Environmental Protection Agency's Consolidated Assessment and Listing Methodology (CALM) 
guidance provided to the States for preparing their water quality repo1t s pursuant to Sections 305(b) and 
303(d) of the Federal Clean Water Act (CWA). States have identified "age restrictions" for data to insure 
credible assessment of existing water quality conditions. The four States where District T1ibuta1y 
Projects are located have identified the following data age restr·ictions for credible assessment of existing 
water quality conditions: Colorado (not applicable), Nebraska (5 years), No1th Dakota (10 years), and 
South Dakota (9 years). 

4.1.1 STATISTICAL SUMMARY AND C OMPARISON TO APPLICABLE NUMERIC WATER Q UALITY 

STANDARDS C RITERIA 

Statistical analyses were pe1fo1med on the water quality monitoring data collected at the 
T1ibutary Projects . Descriptive statistics were calculated to describe central tendencies and the range of 
obse1vations in existing water quality. Monitoring results were compared to applicable water quality 
standards c1iteria established by the appropriate States pursuant to the Federal CWA. Tables were 
constructed that list the parameters measured; number of obse1vations; and the mean, median, minimum, 
and maximum of the data collected. The constructed tables also list the water quality standar·ds c1iteria 
applicable to the individual par·ameters and the frequency that these criteria were not met.. 

4.1.2 SPATIAL VARIATION IN RESERVOIR WATER Q UALITY C ONDITIONS 

4.1.2.1 Longitudinal Variation 

Depending on their length, shape, mixing char·acteristics, and residence time, rese1voirs can 
experience significant longitudinal variation in water quality. The longitudinal variation in smaller 
rese1voirs is greatly influenced by the water quality characteristics of inflow water dming significant 
nmoff events. 

4.1.2.1.1 Contour Plots 

Longitudinal contour plots were constructed when adequate depth-profile measurements were 
collected along the length of a rese1voir. At these rese1voirs longitudinal contour plots were constructed 
for water temperature, dissolved oxygen, and turbidity. Oxidation-reduction potential (ORP) and pH 
longitudinal contour plots were also constructed where hypoxic dissolved oxygen conditions were 
present.. For this report hypoxic conditions ar·e defmed as dissolved oxygen concentr·ations ~ 2.5 mg/1 and 
anoxic conditions are defmed as dissolved oxygen concentr·ations ~ 0.5 mg/1. The longitudinal contour 
plots were constructed using the "Hydrologic Info1mation Plotting Program" included in the "Data 
Management and Analysis System for Lakes, Estuaries, and Rivers" (DASLER-X) software developed by 
HydroGeoLogic, Inc. (Hydrogeologic Inc. , 2005). 
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4.1.2.1.2 Box Plots 
 

Longitudinal box plots were constructed from Secchi depth measurements collected within 
reservoirs.  Box plots for monitored sites within a reservoir were plotted relative to their location within 
the reservoir. 

 
4.1.2.2 Vertical Variation in Water Quality  
 

Depending on their depth and bathymetry, reservoirs can experience thermally-induced density 
stratification in the summer.  The denser water near the reservoir bottom inhibits mixing of the 
hypolimnion with the less dense water near the reservoir surface.  This, coupled with the decomposition 
of organic matter at the reservoir bottom, can lead to the development of hypoxic conditions in the 
hypolimnion.  Under hypoxic conditions anaerobic processes begin to occur that results in the reduction 
of oxidized compounds (e.g., denitrification, etc.).  Strongly reduced conditions can develop if hypoxic 
conditions become anoxic and persist.  This can lead to significant vertical variation in water quality 
conditions. 

 
4.1.2.2.1 Depth Profile Plots 
 

Measured water temperature and dissolved oxygen depth profiles were plotted for measurements 
taken during the summer at the near-dam, deepwater ambient monitoring locations.  Depth profiles 
measured within the State defined “age restrictions” were included.  The plots were reviewed to assess the 
occurrence of thermal stratification and hypolimnetic dissolved oxygen degradation.  Depth profiles were 
also plotted for ORP and pH if hypoxic conditions were present. 
 
4.1.2.2.2 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

The variation of selected parameters with depth was evaluated by comparing paired near-surface 
and near-bottom samples collected when hypoxia was present.  The paired samples compared were 
collected at sites for a reservoir were hypoxic conditions were monitored near the reservoir bottom.  The 
parameters compared included water temperature, dissolved oxygen, ORP, pH, total ammonia, nitrate-
nitrite, alkalinity, total phosphorus, and orthophosphorus. 
 
4.1.3 TROPHIC STATUS 
 

A trophic state index (TSI) was calculated, as described by Carlson (1977).  TSI values were 
determined from Secchi depth transparency, total phosphorus, and chlorophyll a measurements.  Values 
for these three parameters were converted to an index number ranging from 0 to 100 according to the 
following equations: 

 TSI(Secchi Depth) =  TSI(SD) = 10[6 - (ln SD/ln 2)] 
 TSI(Chlorophyll a) =  TSI(Chl) = 10[6 - ((2.04-0.68 ln Chl)/ln 2)] 
 TSI(Total Phosphorus) =  TSI(TP) = 10[6 – (ln (48/TP)/ln 2)] 
 
Accurate TSI values from total phosphorus depend on the assumptions that phosphorus is the 

major limiting factor for algal growth and that the concentrations of all forms of phosphorus present are a 
function of algal biomass.  Accurate TSI values from Secchi depth transparency depend on the 
assumption that water clarity is primarily limited by phytoplankton biomass.  Carlson indicates that the 
chlorophyll TSI value may be a better indicator of a lake’s trophic conditions during mid-summer when 
algal productivity is at its maximum, while the total phosphorus TSI value may be a better indicator in the 
spring and fall when algal biomass is below its potential maximum.  Calculation of TSI values from data 
collected from a lake’s epilimnion during summer stratification provide the best agreement between all of 
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the index parameters and facilitate comparisons between lakes.  A TSI average value, calculated as the 
average of the three individually determined TSI values, is used by the District as an overall indicator of a 
reservoir’s trophic state.  The District uses the criteria defined in Table 4.1 for determining lake trophic 
status from TSI values. 

 
 
 
 

4.1.4 IMPAIRMENT OF DESIGNATED WATER QUALITY-DEPENDENT BENEFICIAL USES 
 

Water quality-dependent beneficial uses are designated to waterbodies in State water quality 
standards and criteria are defined to protect these uses.  Water quality data collected by the District within 
the appropriate State define “age restrictions were assessed to determine if water quality conditions were 
impairing the designated beneficial uses.  These data were assessed using the methodologies defined by 
the appropriate States in developing their 2008 Integrated Reports pursuant to the Federal Clean Water 
Act.  It is noted that the “official” determination of whether water quality-dependent beneficial uses are 
impaired, pursuant to the Federal CWA, is by the States pursuant to their Section 305(b) and Section 
303(d) assessments compiled in their biennial Integrated Water Quality Reports (See Table 1.3). 
 
4.1.4.1 Assessment Methodologies Used for Nebraska Reservoirs 
 
4.1.4.1.1 Assessment of Physicochemical Data 
 

Nebraska water quality standards define acute and chronic numeric criteria for the protection of 
aquatic life and maximum criteria for the protection of public drinking and agricultural water supplies.  
Nebraska deems a designated use to be impaired if measured water quality conditions indicate that 
numeric criteria are exceeded more than 10 percent of the time over an assessed period (i.e., 5 years).  To 
address the uncertainty associated with water quality data, the application of the 10 percent exceedence 
criterion is based on the number of measurements for the appropriate water quality criteria.  Table 4.2 
summarizes the Nebraska assessment measures regarding sample size and the number of exceedences that 
indicate an impaired use (i.e., 10% exceedence) at a 90% confidence level (i.e., α= 0.10).  

 
Table 4.2. State of Nebraska Assessment Measures for Sample Size and Number of Exceedences Required to 

Determine an Impaired Use (i.e., 10% Exceedence). 

Sample Size (n) 

Number of Observations 
Exceeding a Criterion Required to 

Define an Impaired Use Sample Size (n) 

Number of Observations 
Exceeding a Criterion Required to 

Define an Impaired Use 
<12 3 56 - 63 10 

12 – 18 4 64 - 71 11 
19 - 25 5 72 - 79 12 
26 - 32 6 80 - 88 13 
33 - 40 7 89 - 96 14 
41 - 47 8 97 - 100 15 
48 - 55 9 >100 Not Defined 

Table 4.1. Lake trophic status based on calculated TSI values. 

TSI Trophic Condition 
0-35 Oligotrophic 

36-50 Mesotrophic 
51-55 Moderately Eutrophic 
56-65 Eutrophic 

66-100 Hypereutrophic 
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4.1.4.1.2 Assessment of Fecal Coliform and E. Coli Bacteria Data 
 

Table 4.3 summarizes the Nebraska measures for the assessment of the Primary Contact 
Recreation Beneficial Use using fecal coliform and E. coli bacteria data. 

 
Table 4.3. State of Nebraska measures for the assessment of the Primary Contact Recreation Beneficial Use using 

fecal coliform and E. coli bacteria data.  

Parameter 
Water Quality Criteria 

(Geometric Mean) Supported Impaired 

Fecal Coliform ≤ 200cfu/100ml Season geometric mean 
≤ 200cfu/100ml 

Season geometric mean 
> 200cfu/100ml 

E. coli ≤ 126cfu/100ml Season geometric mean 
≤ 126cfu/100ml 

Season geometric mean 
> 126cfu/100ml 

 
4.1.4.1.3 Assessment of Reservoir Sedimentation 
 

It is the State of Nebraska’s position that excess sediment delivered to a lake can cause several 
problems including “objectionable colors, turbidity, and deposits.”  Deposition of sediment can displace 
or eliminate fish spawning and rearing and other aquatic habitats.  Also, the recreation area of a lake can 
be reduced or rendered undesirable.  Nebraska uses two measurements to assess lake sedimentation 
regarding the use of aesthetics: impoundment volume loss and sedimentation rate.  Both the lake volume 
loss and sedimentation rate are based on the “as-built” conditions of the lake.  Table 4.4 summarizes the 
Nebraska measures for the assessment of lakes regarding sedimentation. 
  
Table 4.4. State of Nebraska measures for the assessment of lake sedimentation data.  

Minimum Assessment Period Supported Impaired 

≥5 Years Volume loss < 25%, and 
Annual sedimentation rate ≤0.75% 

Volume loss ≥ 25%, and 
Annual sedimentation rate >0.75% 

 
4.1.4.1.4 Assessment of Reservoir Nutrient Data  
 

Nebraska contends that excessive nutrient concentrations can promote adverse effects to water 
quality and biological populations within lakes.  Some of these effects include reductions in dissolved 
oxygen, water clarity, biodiversity, and fish and wildlife habitat; and increases in bacteria concentrations, 
toxin mobility, ammonia toxicity, and in-lake filling.  Nebraska uses the term “nutrients” to refer 
specifically to total nitrogen and total phosphorus.  The presence of nitrogen and phosphorus do not 
directly impair uses; rather, the nutrients spur algal and other vegetative growth that causes use 
impairment from algal toxins, extreme diurnal pH fluctuations, and dissolved oxygen depletion.  Table 
4.5 summarizes the Nebraska measures for the assessment of lakes regarding nutrients. 
 
Table 4.5. State of Nebraska measures for the assessment of lakes regarding nutrients.  

Beneficial Use Parameter 1 Assessment 1 Parameter 2 Assessment Value 

Aesthetics Chlorophyll a Growing Season Avg. > 
Site-Specific Criterion 

Total Nitrogen or 
Total Phosphorus  

Growing Season Avg. > 
Site-Specific Criteria 

Aesthetics Microcystin > 20 ug/l ----- ----- 

Aquatic Life pH <6.5 or > 9.0 Chlorophyll a Growing Season Avg. > 
Site-Specific Criterion

Aquatic Life Dissolved Oxygen > Aquatic Life Criteria Chlorophyll a Growing Season Avg. > 
Site-Specific Criterion
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4.1.4.2 Assessment Methodologies Used for North Dakota Reservoirs 
 

Sufficient and credible data requirements pertaining to the water quality monitoring data the 
District has collected at the Corps two tributary reservoirs in North Dakota include: 
 • Data collection and analysis followed known and documented quality assurance/quality control 

procedures. 
 • Water column data are 10 years old or less.  Data for all 10 years of the period are not required to 

make an assessment. 
 • There should be a minimum of two samples collected from lakes or reservoirs during the growing 

season, May through September.  The samples may consist of two samples collected in the same 
year or samples collected in separate years. 
 

4.1.4.2.1 Assessment of Physicochemical Data 
 

The following are the decision criteria that the State of North Dakota uses to determine if aquatic 
life use is impaired based on physicochemical data: 

 
 • For dissolved oxygen and pH, one or more standards were exceeded in more than 25 percent of 

the measurements taken during the previous 10 years.  The temperature standard is exceeded in 
more than 10 percent of the measurements taken during the previous 10 years. 

 
 • For ammonia and other toxic pollutants (i.e., trace elements and organics), the acute or chronic 

standard was exceeded three or more times during any consecutive 3-year period during the past 
10 years. 

 
4.1.4.2.2 Assessment of Trophic Data 
 

Trophic status is the primary indicator used to assess whether a lake is impaired.  Under North 
Dakota protocols, it is assumed hypereutrophic lakes do not fully support a sustainable sport fishery and 
are limited in recreational uses, whereas mesotrophic lakes fully support both aquatic life and recreation 
use.  Eutrophic lakes may be assessed as fully supporting, fully supporting but threatened, or not 
supporting their uses for aquatic life or recreation.  North Dakota further assesses eutrophic lakes based 
on: 1) the lake’s water quality standards fishery classification; 2) information provided by North Dakota 
Game and Fish Department Fisheries Division staff, local water resource managers, and the public; 3) the 
knowledge of land use in the lake’s watershed; and/or 4) the relative degree of eutrophication.  For 
example, a eutrophic lake, which has a well-balanced sport fishery and experiences infrequent algal 
blooms, is assessed as fully supporting with respect to aquatic life and recreation use.  A eutrophic lake, 
which experiences periodic algal blooms and limited swimming use, would be assessed as not supporting 
recreation use.  A lake fully supporting its aquatic life and/or recreation use, but for which monitoring has 
shown a decline in its trophic status (i.e., increasing phosphorus concentrations over time), would be 
assessed as fully supporting but threatened. 

 
Carlson’s Trophic State Index (TSI) is used to assess lake trophic status.  When conducting an 

aquatic life and recreation use assessment for a lake, the average TSI score should be calculated for each 
indicator (i.e., chlorophyll a, Secchi depth, and total phosphorus).  If TSI scores for each indicator result 
in a different trophic status assessment, the assessment should be based first on the chlorophyll a, 
followed by the Secchi depth transparency.  Only when there are not adequate chlorophyll a and/or 
Secchi depth data available to make an assessment should total phosphorus concentration data be used.  
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4.1.4.3 Assessment Methodologies Used for South Dakota Reservoirs 
 

Sufficient and credible data requirements pertaining to the water quality monitoring data the 
District has collected at the two Tributary Projects in South Dakota include: 
 • Data meets QA/QC requirements similar to those outlined in South Dakota Department of 

Environment and Natural Resources protocols. 
 • Data age (for both conventional and toxic parameters) for assessing existing water quality 

conditions of lakes should be from 2000 through 2008. 
 • For assessing lakes, 2 separate years of samples for conventional and Trophic State Index (TSI) 

parameters.  Must include at least one Secchi disk and chlorophyll a value.  Samples dates must 
be between May 15 and September 15. 
 
The following are the decision criteria that the State of South Dakota uses to determine if aquatic 

life use is impaired based on conventional water quality parameters: 
 • Required percentage of samples exceeding water quality standards in order to consider lake water 

quality impaired: 
- Greater than 10 percent of surface samples when 20 or more samples collected 
- Greater than 25 percent of surface samples if less than 20 samples collected. 

 • If one surface exceedence observed for water temperature, dissolved oxygen, or pH; lake profile 
data is used to make listing determinations.  Lakes are considered fully supporting the aquatic life 
beneficial use if profile data indicate a region within the water column where temperature, pH, 
and dissolved oxygen meet numeric water quality standards.  If a region does not exist the lake is 
considered impaired due to the parameter in exceedence. 

 
4.2 WATER QUALITY TRENDS 
 
 Surface water quality trends were assessed by evaluating water clarity (i.e. Secchi depth), total 
phosphorus, chlorophyll a, and calculated average TSI values from monitoring results obtained at long-
term, fixed-station ambient monitoring sites for the period 1980 to 2008. 
 
 
 



lis COLORADO TRIBUTARY PROJECTS II 

Three District Ttibuta1y Projects are located in n01th-central Colorado: Bear Creek, Chatfield, 
and Cheny Creek (Figure 1.1). The three projects are commonly refen ed to as the Colorado Tri-Lakes 
Project. All three project resetvoirs are located in the Denver, Colorado metropolitan area (Figure 5.1). 
Table 5.1 gives selected engineeting data for the Colorado Tri-Lakes Tributaty Projects. 

5.1 BEAR CREEK RESERVOIR 

5.1.1 BACKGROUND INFOR:!VIATION 

5.1.1.1 Project Overview 

The dam fomling Bear Creek Resetvoir is located on Bear Creek, 3 nliles southwest of Denver, 
Colorado (Figure 5.1). The dam was completed in July 1977 and the resetvoir reached its initial fill in 
May 1979. The Bear Creek Resetvoir watershed is 236 square nliles. The watershed was rangeland, 
forested, and residential/acreage development when the dam was built in 1974. Urbanization of the 
watershed is occmTing with the growth of the Denver metropolitan area. The authorized project purposes 
for Bear Creek Resetvoir are: flood control, recreation, and fish and wildlife. An upgraded aeration 
system was installed in Bear Creek Resetvoir in 2002 to improve water quality. 

5.1.1.2 Bear Creek Dam Intake Structure 

The outlet works at Bear Creek Dam consist of a reinforced concrete intake stmcture with lligh
level drop inlets and a low-level 36-inch diameter reinforced concrete pipe and intake upstream of the 
intake stmcture. The gate stmcture is contained in the dam just upstream of the impetv ious core. The 
high-level drop inlets have two weirs at elevation 5558.0 ft-msl (multipurpose pool level). Two lower
level gated inlets are located at invett elevations of 5538.0 and 5528.0 ft-msl. The low-level intake at 
elevation 5528.0 ft-msl is 135 feet upstream from the main intake stmcture. 

5.1.1.3 Reservoir Storage Zones 

Figure 5.2 depicts the cun ent storage zones of Bear Creek Resetvoir based on the 1997 smvey 
data and estimated sedimentation. It is estimated that 7 percent of the Multipurpose Pool has been lost to 
sedimentation as of2008. 

5.1.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

The State of Colorado 's water quality standards designate the following beneficial uses to Bear 
Creek Resetvoir : ptimruy contact recreation, domestic water supply, Class 1 coldwater aquatic life, and 
agriculture. Pursuant to Section 303(d) of the CWA, the State of Colorado has placed Bear Creek 
Resetvoir on the State's 303(d) monitoring and evaluation list (Table 1.3). Beru· Creek Resetvoir is listed 
for impaiiment to aquatic life due to low dissolved oxygen. The State of Colorado has not issued a fish 
consumption advis01y for Beru· Creek Resetvoir. 
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Figure 5.1. Locations of Bear Creek, Chatfield, and Cherry Creek Reservoirs in the Denver, Colorado metropolitan area. 
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Table 5.1. Swnmary of selected engineering data for the Colorado Tri-Lakes Tributaty Projects. 

Beak Creek R esen•oir Chatfifcld Reservoir Cherry Creek R esen•oir 

G.ntral 

Dammed S1ream Bear Creek South Platte River 

i-=Draina= '=g;c:e..:h= ea=--.,...------------l------'23= 6..:s2q ..:==·=------l· .................... m.J.?.O..I.S. .. '".l. .. 'lli __ _ 
Reservoir Leng1h0l 0 5 miles 2 0 miles 
Multipurpose Pool Elevation (Top) 5558 0 ft-msl . . 5;432ofi:;;;;j ............................. -

Cbeny Creek 

386 sq mi 

I 5 miles 

5550 0 ft-msl 

October 1948 I-D_a_te_o_f_D_am_ CI_ osur-=e------------I------Jul_ y,__l9_7_7 ____ -l· .................... m.~tl~.l-~!.3 ... . 
Date of initial F;u<'> May 1979 June 1979 March 1960 

"As-Built» Condition.sQl (1980 SUIVey Data) (1977 SUIVey Data) (1950 SUIVey Data) 
l----------------+ ---'----'---'----1 ..................... ........... ....................... ........... ........ ...................... -

Lowest Reservoir Bottom E levation 5517 f\.msl 5379 ft.msl l----------------+ -----------1 ..................... ........... .................................. ........... ..................... -
Surface Area at top of Multipmpose Pool I 09 ac I ,444 ac 

I--'C:..:a:!:.pa:::c:::ity:!....:o.:..fM.:::..:ul.::n:!:·p.::wp= ose.:::..:P..:o..:ol:_ __ -:::-____ -l-----'-'1,9.:..64:...c.:a:..:c..:-ft.:.._ ____ 1_ .................... m ?S.~0.?6.~".:tl .. . 
Mean Depth at top of Multipwpose Pool<'l I 8 0 ft 19 4 ft 

5504£\.msl 

886ac 

15,155 ac-ft 

17 I ft 

I'La= tes= t .:..SUJT=-:..:el'-'·e:..:d:..:C:..:o:..:n:..:di:::'ti.::'o.::n.:..• ________ -lf----'-( 1_9_97_ S=_ ·e...:y:...D_ a_ta_,):..._ __ 
1 

______________________ (1~~8S.':':':"eY. J:>~ta.l. 

Lowest Reservoir Bottom E levation 5520 f\.msl 5380 ft.msl 

1988 (2008 Survey Data) 

5523 ft-msl 

Surface Area at top of Multipmpose Pool I 06 ac I ,429 ac l------'---'--'-------l-----------1· ............................................................. . 
Capacity ofMultipwpose Pool 1,882 ac-ft 27,428 ac-ft 

Mean Depth at top of Multipwpose Pool<'J 17 8 ft 19 2 ft 

Sediment Deposition in M ultipurpose Pool 

847 ac 

12,805 ac-ft 

! 51 ft 

1--'Histori=·==·c:..:S:..:e:..:d:..:;men=.:..t Dep=:..:os..:i:..:ti:.;on~<'l ________ -l-_____ 8.::2:..:a:..:c-..:ft.:... -----1 648 ac-ft 2,350 ac-ft 

Annual SedimentationRate(7) 198G-1997 4 6 ac-ftlyr 1977-1998 29 5 ac-ftlyr 195G-!988 60 3 ac-fti)T 1----------=----1---------'---1 .................................................................. .. 
I-Curr __ en_t_Estima_ ._ t_ed_ Se_d_;men __ t _Dep....!...os_ ill_·on-::(l):-----+ -----1-32_ ac-_ ft _____ 

1 
943 ac-ft 3,555 ac-ft 

Current capacity ofMultipwpose Poo1(9) I ,832 ac-ft ..................... 27:i3'3'~c-ft 

Percent of "As-Built" Multipwpose Pool capacity lost 
to cwrent estimated sediment deposition 

7% 3% 

11 ,600 ac-ft 

23o/o 

1-0p=e.:..ra.::oo.::' .::n:..:al..:D:..:e.::tails=' = ---=Hi='s..:to:..:n.::' r _______ -1 ___ _..:.( 1_9_8_0 _- _200_ 8,_) ----1 . . ~1~8_0 ::: 2_()1)8.>. ............................. _ ( 1958 - 2008) 

Maximum Recorded Pool E levation 5587 I f\.msl 18.Jun-95 5447 6 ft-msl 26-May-80 5565 8 f\.msl 1--------------t----------1 ............................................................ , _ 
Minimum Recorded Pool Elevation 5521 7 ft-msl 19.Jul-78 5399 4 ft-msl 6.Jun-76 5512 5 f\.msl 

I-Maxim __ ._um __ Recor __ ded __ D_ail_ . .<..y_Infl_ o_w _______ +9_10_ c_fs _______ l_-Ma~y'---80-13,394cfs 2.Jul-95 6, 150 cfs 

1-Maxim __ ._um __ Recor __ ded __ D_ail_ . .:..y_Outfl __ o_w ______ -lf-8_00_ c_fs _______ 5_-Ma__:y:..-_so_ 13,350 cfs ................................................. ?!.lii:.~S. .. ~ 

I-A_v_er_a.;:g_e _Ann_ ual_ P_o_o_l _El_e_va_n_·on ________ + ----55_5_6_3_ft_._ms_l ____ 
1

______________________ m.5~2.S.la.:111S1..m .......... _ 

(-=A:Cv..:er:..:a::eg.:..e :..:Ann= ual= Infl= ..:OW..:'-----------J----.....:3.::5'-',1-'48.:..:::ac-:..:ft::.:_ ___ -J· .................... m.1.S.2.?.S.?~ .. "."::fl ... . 
i-=A:::v..:er:..:a::eg.:..e :..:Ann=ual= Out.:..::::..:fl:.:.ow-"-;;::----------l----.....:3..:4'-',7.::53.:..:::ac-:..:ft::.:_ ____ 1______________________ m.l.~!?.?J..l .. "."::fl ...................... m _ 

Estimated Retention Time00l 0 05 Years 0 18 Years 

Operational Details- Currentl" l !-"-'-===.::.=......::.==-------+ ---------1 .................................................................................................. -

5548 8 ft-msl 

10,742 ac-ft 

7,827 ac-ft 

I 50 Years 

Maximum Recorded Pool E levation 5559 3 f\.msl 20-May-08 5432 5 ft-msl 17.Jul-08 5550 9 f\.msl 

Minimum Recorded Pool Elevation 5556 2 ft-msl 6-Nov-07 5423 2 ft-msl 14-0ct-07 5548 7 f\.msl l----------------+ -----------1 ..................... ........... .................................. ........... ..................... -
MaximumRecordedDaily inflow l34cfs 20-May-08 769cfs 18-Aug-08 261 cfs 1---------'---------+ -----------':..._-1 ............................................................................. -

!-Maxim __ · _ um __ Recor __ ded __ D_aiJ_' .:_Y_Outfl __ o_w ______ -jf-1_32_ c_fs _______ 2_J_.Ma__:y:._.Q_8_1 ~s.? Cf>. . m•m ••••••••••••• m•••••m•? !.lii:O.S. .. ~fs 

I--'T:..:o.::tal= Infl= o.::w_ (>.:o/c.::• ..:of:..:A..:v:..:·era= g<=e)'----------ll..:1.:.:7;2::.82.:::..:a.::c..:-ftc_ _____ _:(>.:4:..:9o/c:..:o!.-) l 12.J.~ 1 2.2..a"::f\ ............................................. ~S.1.~J.. 19,526 ac-ft 

Total Outflow (%of Average) 16,844 ac-ft (480/o) l14,033 ac-ft (77%) 16,957 ac-ft 

Outlet Works !-"--==-==----------+ ---------1 ..................... ........... ....................... ........... ....................... ........ , _ 

3.Jun-73 

15-:!.-lay-58 

16.Jun-65 

7-Aug-65 

4-Mar-08 

11-0ct-07 

17-Aug-08 

Wu!-08 

( 182%) 

(217%) 

Ungated Outlets Drop Inlet 5558 0 f\.msl 
2) I O'x2 5' 
2) 2 O'x6 0 ' 

l104 0 f\.msl 
l109 0 f\.msl 

Gated Outlets (Mid-depth) 
2) 3' x 6 ' hydraulic slide 2) 6' x 13 5' hydraulic slide 
1) 36" Dia 5538 0 f\.msl 2) 2 ' x2' slide gate on gate 

I----------------I-----------1·1J. ~: 1ltltte_rtlx. 
Gated Outlets (Low-level) 1) 36" Dia 5528 0 f\.msl 

Ol Reservo>r leng1h at top of conservab.on pool 
<'l First occ\llTence of reservoir pool elevation to top of nwltipwpose pool elevation 
Q) "As-Built" conditions taken to be the conditions present when the reservoir was first surveyed 
<•l Mean Depth = Volume+ Surface Area 
(l) Difference in reservoir storage capacity to top ofMultipmpose Pool between "as-built" and latest S\UVey 
<'l Annualized rate based on historic accumulated sediment 
(7) Current accumulated sediment estimated from historic annual sedimentation rate 

none 

(I) Current capacity ofMultipmpose Pool = "As-Built " Multipurpose Pool capacity - Estimated Current Sedimentation 
<'l Reservoir drawn down for lake restoration project 
00? Estimated Retemion Time = Multipmpose Pool Volunte + Average Annual Outflow 
Oil Current operational details are for the water year 1-0ct-2005 through 3G-Sep-2006 
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5) 6' x 9 ' hydraulic slide 

2) 18" by-pass gates 



Elevation 
(ft-msl) 

Flood Surcharge (47,260 ac-ft) 

5635.5 ·---------···----1~----.---------------------4-

Exclusive Flood Cont rol (28, 704 ac-ft) 

Accumulated Sedment 
(1997: 82 ac-11) 
(2008 Estimated: 132 ac-11) 

Ungated Drop Inlet 

Dam Crest 

Emergency 
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Figure 5.2. CwTent storage zones of Bear Creek Reservoir based on the 1997 sw-vey data and estimated 
sedimentation. 

5.1.1.5 Ambient Water Quality Monitoring 

A Local Watershed Authority has been established for Bear Creek Resetvoir to protect and 
improve water quality at the resetvoir. The Bear Creek Watershed Authority has adopted local water 
quality regulations and a water quality management plan to protect and manage water quality in Bear 
Creek Resetvoir. As pa1t of its water quality management plan, the Bear Creek Watershed Authority is 
implementing a comprehensive water quality monitoring program. For efficiency purposes, the District 
ceased its water quality monitoring activities at Bear Creek Resetvoir in 2002, and now defers to the Bear 
Creek Watershed Authority for assessment of water quality conditions at Bear Creek Resetvoir. Prior to 
2002, the District had monitored water quality at Bear Creek Resetvoir since the 1970's. 

5.1.2 EXISTING WATER Q UALITY C ONDITIONS 

Persons interested in existing water quality conditions at Bear Creek Resetvoir can visit the 
website maintained by the Bear Creek Watershed Association (http://www.bearcreekwatershed.org). 

5.2 C HATFIELD RESERVOIR 

5.2.1 BACKGROUND INFOR:!VIATION 

5.2.1.1 Project Overview 

The dam forming Chatfield Resetvoir is located on the South Platte River, 2 Iniles south of 
Denver, Colorado (Figure 5.1). The dam was completed in August 1973 and the resetvoir reached its 
initial fill in Jtme 1979. The Chatfield Resetvoir watershed is 3,018 square Iniles. The watershed was 
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rangeland, forested, and residential/acreage development when the dam was built in 1973. Urbanization 
of the watershed is occuning with the growth of the Denver metropolitan area. The auth01ized project 
purposes for Chatfield Rese1voir are: flood control, recreation, fish and wildlife, and water supply. 

5.2.1.2 Chatfield Dam Intake Structure 

The intake stlucture has three gated passageways which conduct water to a twin conduit. The 
two 1ight passageways have a se1vice and emergency gate which are conn·olled by hydraulic hoists. In 
each gate a 2-foot x 2-foot auxiliary gate is provided to facilitate regulation of n01mal flows to the river. 
In the left passageway of the intake stlucture is a 6-foot diameter penstock, equipped with a butterfly 
valve near· the upstream end, is provided to conduct releases to satisfy the downsn·eam water rights. 

5.2.1.3 Reservoir Storage Zones 

Figure 5.3 depicts the cunent storage zones of Chatfield Rese1voir based on the 1998 smvey data 
and estimated sedimentation. It is estimated that 3 percent of the Multipmpose Pool has been lost to 
sedimentation as of2008. 

Flood Surcharge (116,469 ac-ft) 

Darn Crest 

Emergency 
Spltway Cre-st 

5500ftmsl 

ssoo.o····--········\--..Z..--,r----------------------1-·-·-·-·-· 

ACCllllulated Sedment 
(1998: 648 a e-ft) 
(Esmnated 2008: 943 ac-11) 

5380 l owest Reservoir Bottom Elevation 

5379 

Exclusive Flood Control (206,779 ac-ft) 

Gated ~lets ---~ 

Multipurpose (27,133 ac-ft) 

Outlet Works 

Figure 5.3. CwTent storage zones of Chatfield Reservoir based on the 1998 smvey data and estimated 
sedimentation. 
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5.2.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

 
The State of Colorado’s water quality standards designate the following beneficial uses to 

Chatfield Reservoir: primary contact recreation, domestic water supply, Class 1 coldwater aquatic life, 
and agriculture.  Chatfield Reservoir is a source of public drinking water for the Cities of Denver, 
Englewood, and Littleton, Colorado.  Pursuant to Section 303(d) of the CWA, the State of Colorado has 
not placed Chatfield Reservoir on the State’s 303(d) list of impaired waters.  The State of Colorado has 
not issued a fish consumption advisory for Chatfield Reservoir. 
 
5.2.1.5 Ambient Water Quality Monitoring 
 

A Local Watershed Authority has been established for Chatfield Reservoir to protect and improve 
water quality at the reservoir.  The Chatfield Watershed Authority has adopted local water quality 
regulations and a water quality management plan to protect and manage water quality in Chatfield 
Reservoir.  As part of its water quality management plan, the Chatfield Watershed Authority is 
implementing a comprehensive water quality monitoring program.  For efficiency purposes, the District 
ceased its water quality monitoring activities at Chatfield Reservoir in 2002, and now defers to the 
Chatfield Watershed Authority for assessment of water quality conditions at Chatfield Reservoir.  Prior to 
2002, the District had monitored water quality at Chatfield Reservoir since the 1970’s. 
 
5.2.2 EXISTING WATER QUALITY CONDITIONS 
 

Persons interested in existing water quality conditions at Chatfield Reservoir can visit the website 
maintained by the Chatfield Watershed Association (http://www.chatfieldwatershedauthority.org). 

 
5.3 CHERRY CREEK RESERVOIR 
 
5.3.1 BACKGROUND INFORMATION 
 
5.3.1.1 Project Overview 
 

The dam forming Cherry Creek Reservoir is located on Cherry Creek, southeast of Denver, 
Colorado (Figure 5.1).  The dam was completed in October 1948 and the reservoir reached its initial fill in 
March 1960.  The Cherry Creek Reservoir watershed is 386 square miles.  The watershed was rangeland 
and agricultural when the dam was built in 1948.  Extensive urbanization of the watershed has occurred 
with the growth of the Denver metropolitan area.  The authorized project purposes for Cherry Creek 
Reservoir are: flood control, recreation, and fish and wildlife.  An aeration system to de-stratify the 
reservoir to improve water quality was installed in 2007 and became operational on April 4, 2008. 

 
5.3.1.2 Cherry Creek Dam Intake Structure 
 

The Cherry Creek Dam intake tower contains five rectangular water passages with a 6’ x 9’ slide 
gate in each to control water flow.  Two emergency gates have also been added to the intake structure.  
These gates can be installed while water is flowing thru a water passage, but are not to be used for 
regulating flow.  A low-flow by-pass was installed in February 1988 to allow finer regulation of flow to 
downstream water rights users.  The low-flow by-pass consists of two 18” knife values. 
 
 
 
 



5.3.1.3 Reservoir Storage Zones 

Fi~e 5.4 depicts the cunent stora~zones of Cheny Creek Rese1voir based on the 1988 swve~ 
data and estimated sedimentation. It is estimated that 23 P.ercent of the MultiP.mpose Pool has been losn 
to sedimentation as of2008. (2008 Swvey) 

Elevation 
(tt-msl) 

5644.5 

Flood Surcharge (142,069 ac-ft) 
(-tlpdated Hydrological Assessment for Reservoir indicilll:es 

topping of dam illl: the maximum pool) 

Dam Crest 

Eme<gency 
Spillway Crest 
5608.7ftms1 

5608.7 -··----·-··4 - -lr-----.--------------------f.·-·-·-·-·-·-·-· 

Exclusive Flood Control (11 0,034 ac-ft) 

lowest Reservoir Bottom 

5523
•
0 

Elevation 

Accurrulated Sedinent 
(1988: 2,350 a e-ll) 
(Estimated 2008: 3,555 ac-lt) 

Mult ipurpose (11 ,600 ac-ft) 

Figure 5.4. CwTent storage zones of Cheny Creek Reservoir based on the 1988 swv ey data and estimated 
sedimentation. 

5.3.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

The State of Colorado's water quality standards designate the following beneficial uses to Cheny 
Creek Rese1voir: p1imruy contact recreation, domestic water supply, Class 1 wrumwater aquatic life, and 
agriculture. Pursuant to Section 303(d) of the CWA, the State of Colorado has placed Cheny Creek 
Rese1voir on the State's 303(d) list of impaired waters. Cheny Creek Rese1voir is listed for impairment 
to the uses of aquatic life and p1imruy contact recreation due to elevated chlorophyll a levels resulting 
from high phosphorus loadings to the rese1vou·. It has also been placed on the monito1ing and evaluation 
list for dissolved oxygen (Table 1.3). The State of Colorado has not issued a fish consumption adviso1y 
for Cheny Creek Rese1vou·. 

5.3.1.5 Ambient Water Quality Monitoring 

A Local Watershed Authority has been established for Cheny Creek Rese1vou· to protect and 
improve water quality at the rese1voil'. The Cheny Creek Basin Watershed Autho1ity has adopted local 
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water quality regulations and a water quality management plan to protect and manage water quality in 
Cherry Creek Reservoir.  As part of its water quality management plan, the Cherry Creek Basin 
Watershed Authority is implementing a comprehensive water quality monitoring program.  For efficiency 
purposes, the District ceased its water quality monitoring activities at Cherry Creek Reservoir in 2002, 
and now defers to the Cherry Creek Basin Watershed Authority for assessment of water quality 
conditions at Cherry Creek Reservoir.  Prior to 2002, the District had monitored water quality at Cherry 
Reservoir since the 1970’s. 
 
5.3.2 EXISTING WATER QUALITY CONDITIONS 
 

Persons interested in existing water quality conditions at Cherry Creek Reservoir can visit the 
website maintained by the Cherry Creek Basin Watershed Authority (http://www.cherrycreekbasin.org). 
 



11 6 NEBRASKA TRIBUTARY PROJECTS II 

Ttibutary projects in Nebraska occur in two ptimary watersheds in the southeast area of the State: 
Papillion Creek in the Omaha ar·ea and Salt Creek in the Lincoln area (Figure 1.1). 

6.1 PAPILLION CREEK TRIBUTARY PROJECTS 

6.1.1 B ACKGROUND I NFOR:!VIATION 

6.1.1.1 Papillion Creek Watershed Hvdrology 

Streamflow in the Papillion Creek watershed follows a char·actetistic pattem. Flows ar·e generally 
low except for brief periods of rise caused by nmoff from rainfall events. A snowpack over the basin in 
ear·ly spting can produce a significant tise in flow as a result of snowmelt nmoff. During the winter 
months sn·earns in the basin ar·e generally frozen over. 

6.1.1.2 Tributaty Reservoirs 

Four Disn·ict tributary resetvoirs (i.e., Ed Z01insky, Glenn Cunningham, Standing Bear, and 
Wehrspann) are located in the Papillion Creek watershed in the vicinity of Omaha, Nebraska (Figure 6.1). 
The authorized pmposes for the four resetvoirs are flood conn·ol, recreation, fish and wildlife, and water 
quality. Table 6.1 gives selected engineeting data for each of the four resetvoirs. A low-level outlet is 
installed at each dam to pennit draining of the multipmpose pools in approximately a 1-month time 
period. This outlet may also be used to hasten the evacuation of flood storage so as to avoid damage to 
shoreline grasses and recreational facilities. The low-level outlet may also be used for water quality 
management pmposes by providing: 1) downsn·eam flow augmentation releases dming low-flow petiods, 
and 2) targeted withdrawal from the bottom of the resetvoir . 

6.1.1.2.1 Water Quality Standards Classifications and Section 303(d) Listings 

The State of Nebraska's water quality standards designates the following beneficial uses to all the 
Papillion Creek tributaty project resetvoirs: recreation, warmwater aquatic life, agricultural water supply, 
and aesthetics. None of the resetvoirs ar·e used as a public drinking water supply or have designated 
swimming beaches. The State's water quality standards also identify nun·ient critetia for lakes and 
impounded waters based on the categorization of the physical, cheinical, and biological characteristics of 
the waterbody. Under this categorization, Ed Zorinsky, Standing Bear·, and Wehrspann Resetvoirs have 
been included in a common group categ01ized as R13 impmmded waters. Glenn Cunningham Resetvoir 
is included in another grouping categorized as Rl4 impmmded waters. 

Pursuant to the Federal CW A, the State of Nebraska has listed all the Papillion Creek Ttibutary 
project resetvoirs on the State's 2008 Section 303(d) list (see Table 1.3). The beneficial use of aquatic 
life is identified as impaired in all four resetvoirs, and aesthetics is identified as impaired in Glenn 
Cunningham Resetvoir. The identified pollutants/sn·essors include: dissolved oxygen and nun·ients 
(Glenn Cunningham Resetvoir) and mercmy (Ed Zorinsky, Standing Bear, and Wehrspann Resetvoirs). 
The State of Nebraska has issued fish consumption advis01ies for Ed Z01insky, Standing Bear·, and 
Wehrspann Resetvoirs due to mercmy concems. TMDLs have been completed for Ed Zorinsky and 
Standing Bear· Resetvoirs. 
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Figure 6.1. Locations of the Cmps tributary project reservoirs in the Omaha, Nebraska area. 
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Table 6.1. Summary of selected engineering data for the Papillion Creek tributary projects.   
 

 
Ed Zorinsky 

Reservoir 
(Dam Site No. 18) 

Glenn Cunningham 
Reservoir 

(Dam Site No. 11) 

Standing Bear 
Reservoir 

(Dam Site No. 16) 

Wehrspann 
Reservoir 

(Dam Site No. 20) 

General     

 Dammed Stream Boxelder Creek Knight Creek Trib  Big Papillion Ck Trib  So Br Papillion Ck 

 Drainage Area 16 4  sq  mi  17 8  sq  mi  6 0  sq  mi  13 1  sq  mi  

 Reservoir Length(1) 1 5 miles 2 5  miles 1 0  miles 1 5  miles 

 Designated Water Quality Storage 620 ac-ft  820 ac-ft 0 ac-ft  490 ac-ft 

 Multipurpose Pool Elevation (Top) 1110 0 ft-msl 1121 0 ft-msl 1104 0 ft-msl 1095 8 ft-msl 

 Date of Dam Closure 7 Dec 1989(2) 5 Aug 1974 3 Oct 1972 21 Sep 1982 

 Date of Initial Fill(3) 22 Apr 1992 2 Sep 1977 24 Oct 1977 26 May 1987 

“As-Built” Conditions(4) (1985) (1976) (1976) (1984) 

 Lowest Reservoir Bottom Elevation 1074 ft-msl 1090 ft-msl 1073 ft-msl 1060 ft-msl 

 Surface Area at top of Multipurpose Pool 259 ac 395 ac 135 ac 239 ac 

 Capacity of Multipurpose Pool 3,037 ac-ft 3,705 ac-ft 1,504 ac-ft 2,640 ac-ft 

 Mean Depth at top of Multipurpose Pool(5) 11 7 ft 9 4 ft 11 1 ft 11 0 ft 

Surveyed Conditions (1997:USACE) (2002:USGS) (1996 USACE) (2001:NGPC) (1998:USACE) (2005:USGS) (1994:USACE) (2002:NCPC) 

Lowest Reservoir Bottom Elevation 1077 ft-msl 1077 ft-msl 1100 ft-msl 1100 ft-msl 1082 ft-msl 1082 ft-msl 1065 ft-msl 1068 ft-msl 

Surface Area at top of Multipurpose Pool 259 ac 246 ac 378 ac 348 ac 123 ac 116 ac 240 ac 227 ac 

Capacity of Multipurpose Pool 2,916 ac-ft 2,870 ac-ft 3,054 ac-ft 2,879 ac-ft 1,211 ac-ft 1,278 ac-ft 2,529 ac-ft 2,274 ac-ft 

Mean Depth at top of Multipurpose Pool(5) 11 3 ft 11 7 ft 8 1 ft 8 3 ft 9 8 ft 11 0 ft 10 5 ft 10 0 ft 

Sediment Deposition in Multipurpose Pool  (1997:USACE) (2002:USGS) (1996 USACE) (2001:NGPC) (1998:USACE) (2005:USGS) (1994:USACE) (2002:NCPC) 

 Surveyed Sediment Deposition(6)  121 ac-ft 167 ac-ft 651 ac-ft 826 ac-ft 293 ac-ft 226 ac-ft 111 ac-ft 366 ac-ft 

 Annual Sedimentation Rate(7) 9 3 ac-ft/yr 9 3 ac-ft 31 0 ac-ft/yr 31 8 ac-ft/yr 12 7 ac-ft/yr 7 5 ac-ft/yr 10 1 ac-ft/yr(11) 19 3 ac-ft/yr(11)

 Current Estimated Sediment Deposition(8) 223 ac-ft 223 ac-ft 930 ac-ft(10) 953 ac-ft(10) 420 ac-ft 249 ac-ft 207 ac-ft 421 ac-ft 

 Current capacity of Multipurpose Pool(9) 2,814 ac-ft 2,814 ac-ft 2,775 ac-ft(10) 2,752 ac-ft(10) 1,084 ac-ft 1,255 ac-ft 2,433 ac-ft 2,219 ac-ft 

 Percent of “As-Built” Multipurpose  Pool 
capacity lost to current estimated sediment 
deposition 

7% 7% 25%(10) 26%(10) 28% 17% 8% 16% 

Operational Details – Historic  (1991 – 2008) (1978 – 2006) (1978 –2008) (1987 – 2008) 

 Maximum Recorded Pool Elevation  1116 8 ft-msl 24-Jul-93 1125 3  ft-msl 7-Aug-99 1108 6  ft-msl 12-Jun-08 1103 2  ft-msl 24-Jul-93 

 Minimum Recorded Pool Elevation   1102 4  ft-msl 1-Jun-92 1100 9  ft-msl (12) 2006-2008 1087 5  ft-msl 1-Nov-73 1077 4  ft-msl 1-Mar-86 

 Maximum Recorded Daily Inflow 561 cfs  14-Jun-91 931 cfs 7-Aug-99 266 cfs 14-Jun-84 678 cfs 28-Jun-93 

 Maximum Recorded Daily Outflow 142 cfs  25-Jul-93 157 cfs 8-Aug-99 65 cfs 16-Jun-84 124 cfs 25-Jul-93 

 Average Annual Pool Elevation 1109 9 ft-msl 1120 9 ft-msl 1102 1 ft-msl 1092 4 ft-msl 

 Average Annual Inflow 4,633 ac-ft 7,320 ac-ft 1,388 ac-ft 2,186 ac-ft 

 Average Annual Outflow 3,833 ac-ft 6,247 ac-ft 918 ac-ft 1,184 ac-ft 

 Estimated Retention Time(13) 0 73 Years 0 44 Years 1 18 Years 2 05 Years 

Operational Details – Current(14)     

 Maximum Recorded Pool Elevation   1114 6  ft-msl   11-Jun-08 1100 9  ft-msl(12)  1108 6 12-Aug-08 1099 1 11-Jun-08 

 Minimum Recorded Pool Elevation   1110 1  ft-msl 26-Aug-08 1100 9  ft-msl (12)  1103 8 26-Aug-08 1095 3 30-Sep-08 

 Maximum Recorded Daily Inflow 494 cfs 30-May-08 ----- ----- 215 cfs 30-May-08 284 cfs 11-Jun-08 

 Maximum Recorded Daily Outflow 119 cfs 12-Aug-08 ----- ----- 57 cfs 12-Jun-08 82 cfs 12-Jun-08 

 Total Inflow  (% of Average Annual) 10,874 ac-ft  (235%) ----- ----- 5377 ac-ft (388%) 5915 ac-ft (271%) 

 Total Outflow  (% of Average Annual) 10,207 ac-ft (266%) ----- ----- 4979 ac-ft (542%) 4,836 ac-ft (408%) 

Outlet Works     

 Ungated Outlets 2) 1 5’x3 5’ 1110 0 ft-msl 
2) 3 2’x8 0’ 1117 6 ft-msl 

2) 2 0’x4 0’ 1121 0 ft-msl 
2) 2 5’x9 0’ 1127 5 ft-msl 

2) 1 0’x2 5’ 1104 0 ft-msl 
2) 2 0’x6 0’ 1109 0 ft-msl 

2) 1 3’x3 5’ 1095 8 ft-msl 
2) 3 7’x8 0’ 1103 4 ft-msl 

 Gated Outlets (Mid-depth) 1) 6” Dia  1104 3 ft-msl None None 1) 6” Dia  1090 0 ft-msl 

 Gated Outlets (Low-level) 1) 30”x30” 1090 0 ft-msl 1) 30”x30” 1100 0 ft-msl 1) 24”x36” 1080 0 ft-msl 1) 30”x30” 1077 0 ft-msl 

Note: All elevations given are in the NGVD 29 datum  
(1) Reservoir length at top of multipurpose pool  
(2) Dam completed 15-Jul-1984, low-level gate closed 7-Dec-1989  
(3) First occurrence of reservoir pool elevation to top of multipurpose pool elevation  
(4) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed  
(5) Mean Depth = Volume ÷ Surface Area  
(6) Surveyed sediment deposition is the difference in reservoir storage capacity to top of Multipurpose Pool between “as-built” and survey  
(7) Annualized rate based on historic accumulated sediment  
(8) Current accumulated sediment estimated from historic annual sedimentation rate  
(9) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation  
(10) A lake restoration project was initiated in 2005 that included dredging and removal of reservoir bottom sediments   Listed current values are for the period ending 2005  
(11) Estimated rate before completion of restoration project in 1999   Estimated rate after 1999 is ½ of this rate    
(12) Reservoir drawn down for lake restoration project  
(13) Estimated Retention Time = Current Estimated Multipurpose Pool Volume ÷ Average Annual Outflow   
(14) Current operational details are for the water year 1-Oct-2007 through 30-Sep-2008  
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6.1.1.2.2 Reservoir Regulation for Water Quality Management 
 

6.1.1.2.2.1 Downstream Water Quality Management 
 
When the Papillion Creek Tributary projects were authorized water quality management was 

identified as a concern within the Papillion Creek basin.  At that time, studies by the Federal Water 
Pollution Control Administration (FWPCA) indicated that a need existed for water quality storage within 
the basin.  The FWPCA identified the need for 3 cfs water quality flow in the Big Papillion Creek, Little 
Papillion Creek, and West Branch Papillion Creek.  The FWPCA’s studies indicated 8 of the proposed 21 
reservoirs would collectively have sufficient storage to provide the identified 3 cfs water quality flows.  
Based on the costs of an alternative groundwater pumping project at that time, the storage was estimated 
to have an annual value of $10,700.  Dam sites 11 (i.e., Glenn Cunningham), 18 (i.e., Ed Zorinsky), and 
20 (i.e., Wehrspann) were included in the eight reservoirs potentially identified for having a water quality 
component in the multipurpose pool.  Originally, Dam site 11 was to have a multipurpose pool of 4,600 
ac-ft, of which 820 ac-ft was indicated as the water quality storage component.  The 1976 survey of Glenn 
Cunningham Reservoir determined the multipurpose storage of the reservoir at that time was 3,705 ac-ft.  
Originally, Dam site 18 was to have a multipurpose pool of 4,700 ac-ft with a water quality component of 
620 ac-ft.  The 1984 survey of Ed Zorinsky Reservoir established the “as-built” multipurpose storage of 
the reservoir at 3,037 ac-ft.  Originally, Dam site 20 was to have a multipurpose storage of 3,700 ac-ft 
with a water quality storage component 490 ac-ft.  The 1984 survey of Wehrspann Reservoir determined 
the multipurpose storage of the reservoir at that time was 2,640 ac-ft.   The multipurpose pools at the four 
Papillion Creek reservoirs were projected to fill with sediment in 100 years.  To date, releases for 
downstream water quality management have not been necessary because seepage, releases, and/or 
tributary inflows at Dam sites 11, 18, and 20 have provided adequate flow for water quality purposes. 

 
6.1.1.2.2.2 Reservoir Water Quality Management 

 
Since authorized water quality storage has not been required for downstream water quality 

management, it is available for reservoir water quality management.  The Papillion Creek tributary 
reservoirs are dimictic to polymixic and near-bottom areas of the reservoirs become anoxic during the 
summer and winter.  Releases could be made from the reservoirs through the low-level outlet to discharge 
poor quality water during these times and replace it with better quality inflow water.  Such releases could 
also promote mixing within the reservoirs and possibly improve dissolved oxygen conditions in lower 
depths when the reservoirs are thermally stratified.  
 
6.1.2 ED ZORINSKY RESERVOIR 
 
6.1.2.1 Background Information 
 
6.1.2.1.1 Project Overview 
 

The dam forming Ed Zorinsky Reservoir is located on Boxelder Creek, a tributary of the South 
Papillion Creek in the West Branch Papillion Creek basin.  The Ed Zorinsky Reservoir watershed is 16.4 
square miles.  The watershed was largely agricultural when the dam was built in 1984; however since 
then, the watershed has undergone extensive urbanization with the growth of Omaha. 
 

The dam was completed on July 20, 1984; however, potential water quality problems delayed 
closure.  Two wastewater treatment facilities occasionally discharged to upstream tributaries of the 
reservoir and it was decided to delay final closure until the situation was addressed.  The situation was 
corrected by constructing a diversion pipeline to the Elkhorn River in the fall of 1989.  The low-level gate 
at the dam was closed on December 7, 1989 and the reservoir reached its initial fill in April 1992.  



6.1.2.1.2 Ed Zorinsky Dam Intake Structure 

The reinforced concrete intake stmcture at Ed Zorinsky Dam has four upper-level intakes (two at 
inve1t elevation Ill 0.0 ft-msl and two at inve1t elevation 1117.6 ft-msl), an inte1mediate-level intake 
(inve1t elevation 1104.3 ft-msl), and a low-level intake (inve1t elevation 1090 ft-msl). The upper-level 
intakes are tmcontrolled. The inte1mediate-level intake has a 6-inch diameter slide gate for flow 
augmentation releases for water quality management. The low-level intake is provided with a slide gate 
to pe1mit draining of the rese1voir below elevation 1110.0 ft-msl in the event drawdown is desirable. The 
low-level inlet is constructed 240 feet upsu·eam of the intake tower. The inlet is provided with a u·ash 
rack and emergency bulkhead to allow closure with the gate open. A 30-inch reinforced concrete pipe 
connects the low-level inlet to the intake stmcture. 

6.1.2.1.3 Reservoir Storage Zones 

Figure 6.2 depicts the cun ent storage zones of Ed Zorinsky Rese1voir based on the 1997 Corps 
smvey data and estimated sedimentation. It is estimated that 7 percent of the "as-built" Multipmpose 
Pool has been lost to sedimentation as of 2008 with the annual volume loss estimated to be 0.31 percent. 
Based on the State of Nebraska's impai1ment assessment methodology, these values indicate that Ed 
Zo1insky Rese1voir's water quality dependent uses are not impaired due to sedimentation. 
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Figure 6.2. CwTent storage zones of Ed Zorinsky Reservoir based on the 1997 Corps survey data and estimated 
sedimentation. 

6.1.2.1.4 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Ed Z01insky Rese1voir since the rese1voir 
was initially filled in the early 1990's. Water quality monitoring locations have included sites on the 
rese1voir and on the inflow and outflow of the rese1voir. Figure 6.3 shows the location of sites that have 
been monitored for water quality during the past 5 years (i.e., 2004 through 2008). The near-dam location 
(i.e., EZRLKNDI) was been continuously monitored since 1993. 
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Figure 6.3. Location of sites where water quality monitoring was conducted by the District at Ed Zorinsky Reservoir during the period 2004 through 2008. 
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6.1.2.2 Water Quality in Ed Zorinsky Reservoir 
 
6.1.2.2.1 Existing Water Quality Conditions  
 
6.1.2.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Ed Zorinsky Reservoir at sites EZRLKND1, 
EZRLKML1, EZRLKML2, and EZRLKUP1 from May through September during the 5-year period 2004 
through 2008 are summarized in Plates 1 through 4.  A review of these results indicated possible water 
quality concerns regarding dissolved oxygen, total ammonia, aluminum, and nutrients. 
 

A significant number of dissolved oxygen measurements throughout Ed Zorinsky Reservoir were 
below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 1- 4).  All of the low 
dissolved oxygen measurements occurred near the bottom of the reservoir and were associated with 
thermal stratification.  The following provision is included in Nebraska’s Water Quality Standards 
regarding the application of water quality criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal stratification, all 
applicable narrative and numerical criteria, with the exception of the numerical criteria for 
temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen levels measured in Ed Zorinsky Reservoir.  
Therefore, the measured dissolved oxygen levels below 5 mg/l are not considered exceedences of the 
water quality standards criteria. 
 

The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 
exceeded in Ed Zorinsky Reservoir in the area near the dam (Plate 1).  Ammonia criteria are pH and 
temperature dependant and the criteria cited are based on median values that may or may not represent 
conditions when the higher ammonia occurred.  Also, the higher ammonia values were generally 
associated with near-bottom samples and the numeric ammonia criteria may not be applicable if thermal 
stratification was present.  The higher ammonia levels may be associated with the reduction of nitrogen as 
dissolved oxygen is degraded in the hypolimnion during thermal stratification. 

 
The chronic aluminum criterion for the protection of aquatic life was significantly exceeded in 

one of three samples collected at the near-dam site (i.e., EZRLKND1).  Aluminum was not detected when 
sampled at the same time at in the upper reaches of Ed Zorinsky Reservoir (i.e., site EZRLKUP1).  At this 
time the exceedence at the near-dam site is considered to be a possible outlier.  

 
Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 

include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Ed Zorinsky Reservoir (Plates 1- 4).  The total phosphorus, total 
nitrogen, and chlorophyll a criteria were respectively exceeded by 8, 8, and 22 percent of the samples 
collected at site EZRLKND1 (i.e., near-dam) (Plate 1).  At site EZRLKUP1 (i.e., upper reaches), the total 
phosphorus, total nitrogen, and chlorophyll a criteria were respectively exceeded by 24, 16, and 56 
percent of the collected samples (Plate 4). All the chlorophyll a, total nitrogen, and total phosphorus 
samples were collected during the “growing season” (i.e., May through September) and the reported mean 
values (Plates 1 - 4) represent the growing season average for the 5-year period 2004 through 2008.  
Based on the State of Nebraska’s impairment assessment methodology, the chlorophyll a mean values of 
22 ug/l and 24 ug/l respectively determined for samples collected at site EZRLKND1 (Plate 1) and 
EZRLKUP1 (Plate 4) indicate impairment of the Aesthetics beneficial use of Ed Zorinsky Reservoir due 
to nutrients.  The monitored low dissolved oxygen levels and high mean chlorophyll a value may also 
indicate impairment of the Aquatic Life beneficial use of Ed Zorinsky Reservoir also due to nutrients. 
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6.1.2.2.1.2 Thermal Stratification 
 
6.1.2.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal stratification of Ed Zorinsky Reservoir measured during 2007 
and 2008 is depicted by longitudinal temperature contour plots constructed along the length of the 
reservoir.  Plates 5 and 6, respectively, provide longitudinal temperature contour plots based on depth-
profile temperature measurements taken from May through September at sites EZRLKND1, 
EZRLKML1A, EZRLKML1B, EZRLKML2, EZRLKUP1, and EZRLKUP2 in 2007 and 2008.  
Significant thermal stratification occurred in Ed Zorinsky Reservoir from late-spring through most of the 
summer during 2007 and 2008.   A 2° to 12°C difference between surface and bottom water temperature 
was measured.     
 
6.1.2.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 

 
The depth-profile temperature measurements collected during the summer over the past 5 years at 

the deep water area near the dam were complied and plotted to describe the existing summer thermal 
stratification of Ed Zorinsky Reservoir (Plate 7).  The plotted depth-profile temperature measurements 
indicate that the reservoir exhibits significant thermal stratification during the summer.  The deeper areas 
of the reservoir, in the area of the old creek channel, do not appear to mix with the upper column of water 
during the summer.  Since Ed Zorinsky Reservoir ices over in the winter, it appears to be a cold dimictic 
lake based on the measured thermal stratification in the summer (Wetzel, 2001). 
 
6.1.2.2.1.3 Dissolved Oxygen Conditions 
 
6.1.2.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Ed Zorinsky Reservoir 
based on depth-profile measurements taken during 2007 and 2008.  Plates 8 and 9, respectively, provide 
longitudinal dissolved oxygen contour plots based on depth-profile measurements taken from May 
through September in 2007 and 2008.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were 
monitored near the reservoir bottom throughout the summer of both years (Plates 8 and 9).   
 
6.1.2.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

The depth-profile dissolved oxygen measurements collected during the summer over the past 5 
years at the deep water area near the dam were compiled and plotted to describe the existing summer 
dissolved oxygen conditions of Ed Zorinsky Reservoir (Plate 10).  Most of the plotted profiles indicate a 
significant vertical gradient in dissolved oxygen levels with most tending towards a clinograde 
distribution.  A few of the plotted profiles indicate dissolved oxygen concentrations above 5 mg/l from 
the reservoir surface to the bottom.  These profiles were measured in late summer and are believed to be a 
result of thermal stratification breaking down to the depth the profile was measured as “fall turnover” of 
the reservoir approached. 
 
6.1.2.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Ed Zorinsky Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables for the reservoir.  The constructed contour plots were reviewed to identify the 
“worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour plot 
with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 22, 2008 
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contour plot indicates a pool elevation of 1111.2 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1105 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1102 ft-msl (Plate 9).  The 
current District Area-Capacity Tables (1997 Survey) give storage capacities of 3,239 ac-ft for elevation 
1111.2 ft-msl, 1,801 ac-ft for elevation 1105 ft-msl, and 1,270 ac-ft for elevation 1102 ft-msl.  On July 
22, 2008 it is estimated that 56 percent of the volume of Ed Zorinsky Reservoir was less than the 5 mg/l 
dissolved oxygen criterion for the protection of warmwater aquatic life, and 39 percent of the reservoir 
volume was hypoxic. 
 
6.1.2.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Ed Zorinsky Reservoir indicated hypoxic 
conditions were prevalent throughout the summers of 2007 and 2008, longitudinal contour and depth-
profile plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples 
collected when hypoxia was present were also compared. 
 
6.1.2.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 11 and 12, respectively, provide longitudinal ORP contour plots based on measurements 
taken in 2007 and 2008.  The negative ORP values measured by mid- to late-summer in both years 
indicate significant reduced conditions present near the reservoir bottom.   Plate 15 plots depth profiles 
for ORP measured during the summer over the past 5 years in the deep water area of Ed Zorinsky 
Reservoir near the dam.  A significant vertical gradient in ORP regularly occurred in the reservoir during 
the summer. 

  
6.1.2.2.1.4.2 pH 

 
Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 

respectively, in Plates 14 and 15.   The reduced conditions in the deeper water of Ed Zorinsky Reservoir 
seemingly lead to lower pH levels near the reservoir bottom.  The lowest measured pH levels near the 
reservoir bottom were above the lower pH criterion of 6.5 for the protection of warmwater aquatic life.  
Plate 18 plots depth profiles for pH measured during the summer over the past 5 years in the deep water 
area of Ed Zorinsky Reservoir near the dam.  A significant vertical gradient in pH regularly occurred in 
the reservoir during the summer. 
 
6.1.2.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Ed Zorinsky Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site EZRLKND1 during the 5-year period 2004 through 2008.  During the 5-year period a 
total of 25 paired samples were collected monthly from May through September.  Of the 25 paired 
samples collected, 14 (56%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 
paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (14), 
dissolved oxygen (14), oxidation-reduction potential (14), pH (14), alkalinity (12), total ammonia (12), 
nitrate-nitrate nitrogen (12), total phosphorus (12), and orthophosphorus (12) (Plate 17) [Note: the 
number in parentheses is the number of paired observations available for each parameter].  A paired 
two-tailed t-test was used to determine if the sampled near-surface and near-bottom conditions for the 
paired samples were significantly different (α = 0.05).  The sampled near-surface and near-bottom 
conditions were significantly different for all the assessed parameters except nitrate-nitrite nitrogen.  



Parameters that were significantly lower in the near-bottom water of Ed Zorinsky Rese1voir when 
hypoxia was present included: water temperature (p < 0.0001), dissolved oxygen (p < 0.0001), ORP (p < 
0.0001), and pH (p < 0.0001). Parameters that were significantly higher in the near-bottom water 
included: total ammonia nitrogen (p < 0.01), total alkalinity (p < 0.01), total phosphorus (p < 0.05), and 
ortho-phosphoms (p < 0.05). 

6.1.2.2.1.5 Water Clarity 

6.1.2.2.1.5.1 Secchi Transparency 

Figure 6.4 displays a box plot of the Secchi depth transparencies measured at sites EZRLKND1, 
EZRLKMLIA, EZRLKMLIB, EZRLKML2, EZRLKUP1, and EZRLKUP2 during 2008 (note: the 
monitoring sites are oriented in an upstream to downstream direction). Secchi depth transparencies at 
sites EZRLKUP2 and EZRLKUP1 were similar and significantly lower than the Secchi depth 
transparencies at sites EZRLKML2, EZRLKMLIB, EZELKML1A, and EZRLKND1 (i.e., non
overlapping inter-qua1tile ranges). Secchi depths measured at sites EZRLKML2, EZRLKMLIB, 
EZRLKMLIA, and EZRLKND1 were similar. The 168th street Bridge separates Ed Zo1insky Rese1voir 
into an upper and a lower basin (Figure 6.3). The upper basin acts as a ''wet", sediment retention trap for 
the lower basin. Sites EZRLKUP2 and EZRLKUP1 is in the upper basin, while sites EZRLKML2, 
EZRLKMLIB, EZRLKML1A, and EZRLKND1 are in the lower basin. 
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Figure 6.4. Box plot of Secchi depth transparencies measured in Ed Zorinsky Reservoir during the 5-year period 
2004 through 2008. (Note: monitoring sites are oriented on the x-axis in an upstream to downstream 
direction.) 

6.1.2.2.1.5.2 Turbidity 

Turbidity is an expression of the optical prope1ty that causes light to be scattered and absorbed 
rather than transmitted with no change in direction or flux level. Turbidity in water is caused by 
suspended and colloidal matter such as clay, silt, fmely divided organic and inorganic matter, plankton, 
and other microscopic organisms. Turbidity contour plots were constructed along the length of Ed 
Zo1insky Rese1voir based on depth-profile measurements taken dming 2007 and 2008. Plates 18 and 19, 
respectively, provide longitudinal turbidity contour plots based on depth-profile measurements taken from 
May through September. The measured turbidity levels in Ed Zorinsky Rese1voir varied longitudinally 
with higher turbidity occmTing in the upper reaches of the rese1voir. Some ve1tical variation in turbidity 
was also measured. The exn·eme turbidity levels exhibited in the longitudinal contour plot for Jtme 12, 
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2008 (Plate 19) are attributed to an extreme rainfall and runoff event that resulted in a near record high 
pool elevation for the reservoir. 

 
6.1.2.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Ed Zorinsky Reservoir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
EZRLKND1).  Table 6.2 summarizes the TSI values calculated for the reservoir.  The TSI values indicate 
that the near-dam lacustrine area of Ed Zorinsky Reservoir is in a eutrophic condition.   

 
6.1.2.2.2  Water Quality Trends (1993 through 2008) 
 

Ed Zorinsky Reservoir reached initial fill in 1992 and water quality monitoring of the reservoir 
began in 1993.  Water quality trends from 1993 to 2008 were determined for Ed Zorinsky Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., EZRLKND1).  Plate 20 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, it appears that Ed Zorinsky Reservoir exhibited decreasing transparency and increasing levels of 
chlorophyll a (Plate 20).  No trend in total phosphorus concentrations is observable (Plate 20).  Over the 
16-year period since 1993, Ed Zorinsky Reservoir has generally remained in a eutrophic condition.  
However, if the current trend continues, the reservoir appears to be moving towards a hypereutrophic 
condition (Plate 20).    
 
6.1.2.3 Existing Water Quality Conditions of Runoff Inflows to Ed Zorinsky Reservoir 
 

Existing water quality in Box Elder Creek, above Ed Zorinsky Reservoir, was monitored under 
runoff conditions during the period of April through September at site EZRNF1.  The site is 
approximately 1½ miles upstream from the reservoir (Figure 6.3).  Runoff conditions were considered to 
be a 1-inch rainfall event or a 6-inch or more rise in stream stage from “base-flow” conditions.  Plate 21 
summarizes water quality conditions that were monitored at site EZRNF1 under runoff conditions during 
the 5-year period 2004 through 2008. 
 

Table 6.2. Summary of Trophic State Index (TSI) values calculated for Ed Zorinsky Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 63 65 46 74 
TSI(TP) 25 59 59 48 70 
TSI(Chl) 25 66 67 46 78 
TSI(Avg) 25 63 63 52 72 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, 

and chlorophyll a measurements.  TSI(Avg) is the average of TSI values for the individual parameters. 
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 
 



6.1.3 GLENN CUNNINGHAM RESERVOIR 

6.1.3.1 Background Information 

6.1.3.1.1 Project Overview 

The dam fomling Glellll Cullllingham Resetvoir is located on Knight Creek, a tributaty to Little 
Papillion Creek. The dam was completed on August 5, 1974 and the resetvoir reached its initial fill on 
September 2, 1977. The Glellll Cl.lllllingham Resetvoir watershed is 17.8 square miles. The watershed has 
remained largely agricultural since the dam was built in 1974; however, widespread acreage development 
is presently occuning. 

6.1.3.1.2 Aquatic Habitat Restoration Project 

An aquatic habitat restoration project was initiated at Glellll Cl.lllllingham Resetvoir in 2006. To 
facilitate implementation of the project, the resetvoir was drained in the spring of 2006. The project 
consists of two phases: 1) constmction of in-resetvoir habitat stmctures and modification of the outlet 
stmcture, and 2) rehabilitation and creation of wetland habitat in the resetvoir and floodplain immediately 
upstream of the Nebraska Hwy 36 Btidge. The project is scheduled for completion in December 2008. 

6.1.3.1.3 Reservoir Storage Zones 

Figure 6.5 depicts the storage zones of Glellll Cl.lllllingham Resetvoir based on the 1996 smvey 
data and estimated sedimentation. These storage zones are the conditions that existed prior to the 
implementation of the ongoing aquatic habitat restoration project. The implementation of the aquatic 
habitat project may cause the storage zones of the resetvoir to change as accumulated sediment is 
removed and redistributed. The dam intake stmcture is also being modified as part of the ongoing aquatic 
habitat restoration project. It is estimated that 27 percent of the "as-built" Multipmpose Pool had been 
lost to sedimentation as of 2005 with the allllual volume loss estimated at that time to be 0.84 percent. 
Based on the State of Nebraska 's impaiiment assessment methodology, these values indicate that Glellll 
Cl.lllllingham Resetvoii·'s water quality dependent uses were impaii·ed due to sedimentation when the 
aquatic habitat lake restoration project was implemented. 
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Figure 6.5. CwTent storage zones of Glenn Cunningham Reservoir based on the Cmps 1997 survey data and 
estimated sedimentation (prior to the ongoing aquatic habitat restoration project initiated in 2006). 
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6.1.3.1.4 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Glenn Cunningham Reservoir since the 
reservoir was initially filled in the late 1970’s.  Water quality monitoring locations have included sites on 
the reservoir and on the inflow and outflow of the reservoir.  Figure 6.6 shows the location of the sites 
that have been monitored for water quality during the past 5 years (i.e., 2004 through 2008).  Because the 
reservoir was drawn down in 2006 for aquatic habitat restoration, water quality monitoring during 2006, 
2007, and 2008 only occurred at the inflow sites (i.e., GCRNFNRTH1 AND GCRNFEAST1).  The near-
dam location (GCRLKND1) was continuously monitored from 1980 through 2005. 
 
6.1.3.2 Water Quality in Glenn Cunningham Reservoir 
 
6.1.3.2.1 Existing Water Quality Conditions  
 
6.1.3.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Glenn Cunningham Reservoir at sites 
GCRLKND1 and GCRLKML1 from May through September during the 2-year period 2004 through 
2005 are summarized, respectively, in Plate 22 and 23.  Water quality monitoring was not conducted at 
the sites in 2006 through 2008 due to the reservoir being drawn down for renovation.  A review of the 
results indicated possible water quality concerns regarding dissolved oxygen, pH, and nutrients. 
 

A significant number of dissolved oxygen measurements throughout Glenn Cunningham 
Reservoir were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 22 and 23).  
All of the low dissolved oxygen measurements occurred near the reservoir bottom and were associated 
with thermal stratification.  The following provision is included in Nebraska’s Water Quality Standards 
regarding the application of water quality criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen levels measured in Glenn Cunningham 
Reservoir.  Therefore, the measured dissolved oxygen levels below 5 mg/l are not considered 
exceedences of the water quality standards criteria. 
  

Nutrient criteria defined in Nebraska’s water quality standards for R14 impounded waters 
include: total phosphorus (134 ug/l), total nitrogen (1,460 ug/l), and chlorophyll a (44 ug/l).  All three of 
these criteria were exceeded Glenn Cunningham Reservoir (Plates 22 and 23).  The chlorophyll a 
criterion was exceeded by over 50 percent of the “field probe” observations, but only 10 percent of the 
“lab analyzed” samples taken in the reservoir.  The total phosphorus and total nitrogen criteria were 
exceeded by over 45 percent of the samples.  All the chlorophyll a, total nitrogen, and total phosphorus 
samples were collected during the “growing season” (i.e., May through September) and the reported mean 
values (Plates 22 and 23) represent the growing season average for the 2-year period 2004 through 2005.  
Based on the State of Nebraska’s impairment assessment methodology, the total phosphorus mean value 
of 0.17 mg/l indicates impairment of the aesthetics use.  The chlorophyll a data is inconclusive as the field 
measured values indicate impairment while the lab analyzed samples do not.  The mean total nitrogen 
value indicates the aesthetics use is supported.  Overall, the collected data indicate that the aesthetics use 
of Glenn Cunningham Reservoir is impaired due to nutrients based on the sampled total phosphorus 
levels. 
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Figure 6.6. Location of sites where water quality monitoring was conducted by the District at Glenn Cunningham 

Reservoir during the 5-year period 2004 through 2008. 



6.1.3.2.1.2 Thermal Stratification and Dissolved Oxygen Conditions 

6.1.3 .2.1.2.1 Near-Dam Temperature Depth-Profile Plots 

The depth-profile temperature measurements collected during the summers of 2004 and 2005 at 
the deep water area near the dam were compiled and plotted to describe the existing summer thetmal 
stratification of Glenn Cunningham Resetvoir (Plate 24). The plotted depth-profile temperature 
measurements indicate that the resetvoir exhibits periodic thetmal stratification during the summer (Plate 
24). Since Glenn Cunnigham Reservoir ices over in the winter and based on the occunence of thetmal 
stratification in the summer it appears to fit the defmition of a cold dimictic to polymictic lake (Wetzel, 
2001). 

6.1.3.2.1.2.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 

The depth-profile dissolved oxygen measurements collected during the summers of 2004 and 
2005 at the deep water area near the dam were complied and plotted to describe the existing summer 
dissolved oxygen conditions of Glenn Cunningham Resetvoir (Plate 25). On several occasions, there was 
a significant vett ical gradient in summer dissolved oxygen levels in Glenn Cunningham Resetvoir, with 
the vett ical dissolved oxygen profiles exhibiting a clinograde distribution. However, there were times 
when dissolved oxygen levels were above 5 mg/1 from the resetvoir smface to the bottom (Plate 25). 
There appears to be enough thetmal stratification of Glenn Cmmingham Resetvoir during the summer to 
regularly allow for significant dissolved oxygen degradation near the resetvoir bottom. 

6.1.3.2.1.3 Water Clar ity 

Figure 6. 7 displays a box plot of the Secchi depth transparencies measured at the two in-resetvoir 
monit01ing sites (i.e., GCRLKND1 and GCRLKMLl) dming the 2-year petiod 2004 through 2005 (note: 
the two monit01ing sites are 01iented in an upstream to downstream direction). The Secchi depth 
transparencies at the two sites were similar. 
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Figure 6.7 Box plot of Secchi depth transparencies measured in Glenn CWllingham Reservoir during the 2-year 
period 2004 through 2005. (Note: monitoring sites are oriented on the x-axis in an upstream to 
downstream direction.). 
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6.1.3.2.1.4 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Glenn Cunningham Reservoir were calculated from 
monitoring data collected during the 2-year period 2004 through 2005 at the near-dam ambient 
monitoring site (i.e., GCRLKND1).  Table 6.3 summarizes the TSI values calculated for the reservoir.  
The TSI values indicate that the near-dam lacustrine area of Glenn Cunningham Reservoir was in a 
hypereutrophic condition. 
 

6.1.3.2.1.5  Bacteria Monitoring 
 

A designated swimming beach is not located on Glenn Cunningham Reservoir; however, the 
reservoir is used extensively for sailing and wind surfing.  Since these recreational uses can lead to direct 
contact with water, bacteria monitoring was conducted at the reservoir.  During the 2-year period 2004 
through 2005, bacteria samples were collected weekly from May through September near the marina boat 
ramp on Glenn Cunningham Reservoir (i.e., site GCRLKBACT1) (Figure 6.6).  Table 6.4 summarizes the 
results of the bacteria sampling.  The “running 5-week” geometric means were calculated as running 
geometric means for five consecutive weekly bacteria samples through the recreational season (i.e., May 
through September).  The “pooled” geomeans were determined by pooling all the weekly bacteria 
samples collected during the recreational season over the 2-year period and calculating a single geomean.  
All nondetects were set to 1 to calculate geomeans.  The sampling results were compared to the following 
Nebraska water quality criteria for bacteria: 

Fecal Coliform: 
Bacteria of the fecal coliform group should not exceed a geometric mean of 200/100ml, nor equal or 
exceed 400/100ml, in more than 10% of the samples.  These criteria are based on a minimum of five 
samples taken within a 30-day period. 
E. coli: 
E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of the 
criteria, the geometric mean should be based on a minimum of five samples taken within a 30-day 
period.  Single sample maximum allowable density for designated bathing beaches is 235/100ml. 

The pooled geomeans were compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using fecal coliform and E. coli bacteria 
data.  Based on those criteria a Primary Contact Recreation use in Glenn Cunningham Reservoir is not 
impaired due to bacteria.  The higher bacteria levels monitored in the reservoir are believed to be 
associated with runoff events. 
 
 

Table 6.3. Summary of Trophic State Index (TSI) values calculated for Glenn Cunningham Reservoir for the 2-
year period 2004 through 2005. 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 10 70 70 65 77 
TSI(TP) 10 67 66 60 82 
TSI(Chl) 10 72 71 68 77 
TSI(Avg) 10 70 69 67 74 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, 

and chlorophyll a measurements.  TSI(Avg) is the average of TSI values for the individual parameters. 
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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6.1.3.2.2 Water Quality Trends (1980 through 2005) 
 

Water quality trends from 1980 to 2005 were determined for Glenn Cunningham Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., GCRLKND1).  Plate 26 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  The determined 
trends indicate that Glenn Cunningham Reservoir exhibited decreasing transparency and increasing levels 
of total phosphorus.  No trend in chlorophyll a levels is observable.  Over the 26-year period Glenn 
Cunningham Reservoir moved from a eutrophic to a hypereutrophic condition (Plate 26).    
 
6.1.3.3 Existing Water Quality Conditions of Runoff Inflows to Glenn Cunningham Reservoir 
 

Existing water quality in the north and east inflows to Glenn Cunningham Reservoir were 
monitored under runoff conditions, during the period of April through September, respectively at sites 
GCRNFNRT1 and GCRNFEST1.  Site GCRNFNRT1 is 2 miles upstream from the reservoir, and site 
GCRNFEST1 is approximately ½ mile upstream of the reservoir (Figure 6.6).  Runoff conditions were 
considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from “base-flow” 
conditions.  Plates 27 and 28, respectively, summarize water quality conditions that were monitored at 
sites GCRNFNRT1 and GCRNFEST1 under runoff conditions during the period 2004 through 2008.  
Levels of atrazine in the Knight Creek inflow to Glen Cunningham Reservoir may be a concern as 2 of 14 
(14%) collected samples exceeded the chronic criteria of 12 ug/l for the protection of aquatic life.  All of 
the criteria exceedences occurred during spring runoff (i.e., April and May). 
 
 
 
 
 
 

Table 6.4. Summary of weekly (May through September) bacteria samples collected at Glenn Cunningham 
Reservoir (i.e., site GCRLKBACT1) during the 2-year period 2004 through 2005. 

 
Fecal Coliform Bacteria – Individual Samples E. coli – Individual Samples 

Number of Samples 41 Number of Samples 40 
Mean (cfu/100ml) 120 Mean (cfu/100ml) 75 
Median (cfu/100ml) 40 Median (cfu/100ml) 20 
Minimum (cfu/100ml) n.d. Minimum (cfu/100ml) n.d. 
Maximum (cfu/100ml) 1,110 Maximum (cfu/100ml) 610 
Percent of samples exceeding 400/100ml 10% Percent of samples exceeding 235/100ml 10% 
Fecal Coliform Bacteria – Running 5-Week Geomean E. coli – Running 5-Week Geomean 
Number of Geomeans 34 Number of Geomeans 34 
Average 62 Average 42 
Median 40 Median 19 
Minimum 3 Minimum 2 
Maximum 393 Maximum 289 
Percent of Geomeans exceeding 200/100ml 6% Percent of Geomeans exceeding 126/100ml 9% 

Fecal Coliform Bacteria – Pooled Geomean E. coli – Pooled Geomean 
Pooled Geomean (cfu/100ml) 26 Pooled Geomean (cfu/100ml) 14 
n.d. = non-detected. 
Note:  Non-detected values set to 1 to calculate mean and geomean. 
 
 



6.1.4 STANDING BEAR RESERVOIR 

6.1.4.1 Background Information 

6.1.4.1.1 Project Overview 

The dam fonning Standing Bear Resetvoir is located on an unnamed tributaty of Big Papillion 
Creek. The Standing Bear Resetvoir watershed is 6.0 square miles. The watershed was largely 
agricultural when the dam was built in 1972; however since then, the watershed has undergone extensive 
urbanization with the growth of Omaha. The resetvoir reached its initial fill in October 1977. 

6.1.4.1.2 Standing Bear Dam Intake Structure 

The reinforced concrete intake stmcture at Standing Bear dam has tmcontrolled openings at two 
levels in addition to a low-level gate. Uncontrolled flood control weirs are at elevation 1109 ft-msl and 
smaller openings for the consetvation pool are at elevation 1104 ft-msl. The inlet to the low-level gate is 
located 302 feet upstream of the intake stmcture at elevation 1080 ft-msl. The tmgated openings and the 
low-level inlet are protected with metal trash racks. 

6.1.4.1.3 Reservoir Storage Zones 

Figure 6.8 depicts the cun ent storage zones of Standing Bear Resetvoir based on the 1998 smvey 
data and estimated sedimentation. It is estimated that 17 to 28 percent of the "as-built" Multipurpose Pool 
had been lost to sedimentation as of 2008 with the annual vohune loss estimated to be 0.50 to 0.84 
percent. Based on the State ofNebraska's impaiiment assessment methodology, these values indicate that 
Standing Bear Resetvoii·' s water quality dependent uses may be marginally impaii·ed due to 
sedimentation. 

Elevation 
(ft.msl) 

Dam Crest 
1130.0·----··-·y --------------------------r----, 

Enwrgency 
Sp;I-Cresl 
1121.0ftm9 

1121.0 ·-···-·-.. --.. -.,~ .... ---r--------------------~·- · - ·-·- · - ·-·-
Exclusive Flood Control (3,266 ac-ft) 

Ungated Drop Inlet 

Multipurpose (1 ,084 a e-ft) 

Figure 6.8. CwTent storage zones of Standing Bear Reservoir based on the 1998 Corps SW"Vey data and estimated 
sedimentation. 
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6.1.4.1.4 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Standing Bear Reservoir since the 
reservoir was initially filled in the late 1970’s.  Water quality monitoring locations have included sites on 
the reservoir and on the inflow and outflow of the reservoir.  Figure 6.9 shows the location of the sites 
that have been monitored for water quality during the past 5 years (i.e., 2004 through 2008).  The near-
dam location (STBLKND1) has been continuously monitored since 1980. 

6.1.4.2 Water Quality in Standing Bear Reservoir 

6.1.4.2.1 Existing Water Quality Conditions  

6.1.4.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Standing Bear Reservoir at sites STBLKND1 
and STBLKML1 from May through September during the 5-year period 2004 through 2008 are 
summarized, respectively, in Plates 29 and 30.  A review of these results indicated possible water quality 
concerns regarding dissolved oxygen, total ammonia, nutrients, and mercury. 

A significant number of dissolved oxygen measurements throughout Standing Bear Reservoir 
were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 29 and 30).  All of the 
low dissolved oxygen measurements occurred near the reservoir bottom and were associated with thermal 
stratification.  The following provision is included in Nebraska’s Water Quality Standards regarding the 
application of water quality criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen levels measured in Glenn Cunningham 
Reservoir.  Therefore, the measured dissolved oxygen levels below 5 mg/l are not considered 
exceedences of the water quality standards criteria. 

The acute and chronic ammonia criteria for the protection of warmwater aquatic life were 
seemingly exceeded in Standing Bear Reservoir in the area near the dam.  Ammonia criteria are pH and 
temperature dependant, and the criteria cited are based on median values that may or may not represent 
conditions when the higher ammonia occurred.  Also, the exceedences of the criteria were measured in 
near-bottom samples, and the numeric ammonia criteria may not be applicable if thermal stratification 
was present.  The higher near-bottom ammonia conditions may be associated with the reduction of 
nitrogen as dissolved oxygen is degraded in the hypolimnion during thermal stratification. 

The chronic mercury criterion for the protection of aquatic life was exceeded in one of five 
samples collected at the near-dam site (i.e., STBLKND1).  The acute mercury criterion was not exceeded.  
At this time the chronic exceedence at the near-dam site is considered to be a possible outlier. 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Standing Bear Reservoir (Plates 29 and 30). The total 
phosphorus, total nitrogen, and chlorophyll a criteria were respectively exceeded by 18, 32, and 62 
percent of the samples collected at site STBLKND1.  All the chlorophyll a, total nitrogen, and total 
phosphorus samples were collected during the “growing season” (i.e., May through September) and the 
reported mean values represent the growing season average for the 5-year period 2004 through 2008.  
Based on the State of Nebraska’s impairment assessment methodology, the chlorophyll a mean value of 
30 ug/l for samples collected at site STBLKND1 indicate impairment of the Aesthetics beneficial use of 
Standing Bear Reservoir due to nutrients.  The monitored low dissolved oxygen levels and high mean 
chlorophyll a value may also indicate impairment of the Aquatic Life beneficial use of Standing Bear 
Reservoir also due to nutrients. 
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Figure 6.9. Location of sites where water quality monitoring was conducted by the District at Standing Bear Reservoir during the period 2004 through 2008. 
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6.1.4.2.1.2 Thermal Stratification 
 
6.1.4.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal stratification of Standing Bear Reservoir during 2007 and 2008 
is depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  Plates 
31 and 32, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites STBLKND1, STBLKML1, and 
STBLKUPN1 in 2007 and 2008.  Plates 31 and 32 indicate that significant thermal stratification was 
present in Standing Bear Reservoir during late-spring to mid-summer during 2007 and 2008.   A 
maximum difference of about 8°C was measured between surface and bottom water temperatures.   The 
thermal stratification in both years persisted throughout the summer (Plates 31 and 32).   
 
6.1.4.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

The depth-profile temperature measurements collected during the summer over the past 5 years at 
the deep water area near the dam were compiled and plotted to describe the existing summer thermal 
stratification of Standing Bear Reservoir (Plate 33).  The plotted depth-profile temperature measurements 
indicate that the reservoir exhibits regular thermal stratification during the summer (Plate 33).  The deeper 
areas of the reservoir in the area of the old creek channel do not appear to mix with the upper column of 
water in the summer.  Since Standing Bear Reservoir ices over in the winter, it appears to be a cold 
dimictic lake based on the measured thermal stratification in the summer (Wetzel, 2001). 
 
6.1.4.2.1.3 Dissolved Oxygen Conditions 
 
6.1.4.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Standing Bear Reservoir 
based on depth-profile measurements taken during 2007 and 2008.  Plates 34 and 35, respectively, 
provide longitudinal dissolved oxygen contour plots based on depth-profile measurements taken from 
May through September in 2007 and 2008.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were 
monitored near the reservoir bottom throughout the summer of both years (Plates 34 and 35). 
 
6.1.4.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

The depth-profile dissolved oxygen measurements collected during the summer over the past 5 
years at the deep water area near the dam were compiled and plotted to describe the existing summer 
dissolved oxygen conditions of Standing Bear Reservoir (Plate 36).  Most of the plotted profiles indicate a 
significant vertical gradient in dissolved oxygen levels with most tending towards a clinograde 
distribution (Plate 36).  One of the plotted profiles indicated a dissolved oxygen concentrations of about 
5.5 mg/l from the reservoir surface to the bottom (Plate 36).  This profile was measured in late summer 
(i.e., mid-September 2004) and is believed to be a result of thermal stratification breaking down and the 
water column mixing as “fall turnover” of the reservoir occurred. 
 
6.1.4.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Standing Bear Reservoir with low dissolved oxygen conditions was estimated 
from the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s 
current Area-Capacity Tables for the reservoir.  The constructed contour plots were reviewed to identify 
the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour 
plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 22, 2008 



 

 54  

contour plot indicates a pool elevation of 1105.2 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1100.5 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1099 ft-msl (Plate 35).  
The current District Area-Capacity Tables (1998 Survey) give storage capacities of 1,366 ac-ft for 
elevation 1105.2 ft-msl, 821 ac-ft for elevation 1100.5 ft-msl, and 675 ac-ft for elevation 1099.0 ft-msl.  
On July 22, 2008 it is estimated that 60 percent of the volume of Standing Bear Reservoir was less than 
the 5 mg/l dissolved oxygen criterion for the protection of warmwater aquatic life, and 49 percent of the 
reservoir volume was hypoxic. 

 
6.1.4.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Standing Bear Reservoir indicated hypoxic 
conditions were prevalent throughout the summers of 2007 and 2008, longitudinal contour and depth-
profile plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples 
collected when hypoxia was present were also compared. 
 
6.1.4.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 37 and 38, respectively, provide longitudinal ORP contour plots based on measurements 
taken in 2007 and 2008.  The negative ORP values measured by mid- to late-summer in both years 
indicate significant reduced conditions present near the bottom of Standing Bear Reservoir (Plates 37 and 
38).   Plate 39 plots depth profiles for ORP measured during the summer over the past 5 years in the deep 
water area of Standing Bear Reservoir near the dam.  A significant vertical gradient in ORP regularly 
occurred in the reservoir during the summer (Plate 39). 
 
6.1.4.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 40 and 41.   The reduced conditions in the deeper water of Standing Bear Reservoir 
seemingly lead to in lower pH levels near the reservoir bottom (Plates 40 and 41).  The lowest measured 
pH levels near the reservoir bottom were above the lower pH criterion of 6.5 for the protection of 
warmwater aquatic life.  Plate 42 plots depth profiles for pH measured during the summer over the past 5 
years in the deep water area of Standing Bear Reservoir near the dam.  A significant vertical gradient in 
pH regularly occurred in the reservoir during the summer (Plate 42). 
 
6.1.4.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Standing Bear 
Reservoir during the summer when hypoxia was present were compared.  Near-surface conditions were 
represented by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were 
represented by samples collected within 1-meter of the reservoir bottom.   The compared samples were 
collected at the near-dam site STBLKND1 during the 5-year period 2004 through 2008.  During the 5-
year period a total of 25 paired samples were collected monthly from May through September.  Of the 25 
paired samples collected, 18 (72%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  
For the paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (18), 
dissolved oxygen (18), oxidation-reduction potential (18), pH (16), total ammonia (17), nitrate-nitrate 
nitrogen (17), alkalinity (17), total phosphorus (17), and orthophosphorus (17) (Plate 43) [Note: the 
number in parentheses is the number of paired observations available for each parameter].  A paired 
two-tailed t-test was used to determine if the sampled near-surface and near-bottom conditions for the 
paired samples were significantly different (α = 0.05).  The sampled near-surface and near-bottom 
conditions were significantly different for all the assessed parameters except nitrate-nitrite nitrogen.  



Parameters that were significantly lower in the near-bottom water of Standing Bear Rese1voir when 
hypoxia was present included: water temperature (p < 0.0001), dissolved oxygen (p < 0.0001), ORP (p < 
0.0001), and pH (p < 0.0001). Parameters that were significantly higher in the near-bottom water 
included: total animonia nitrogen (p < 0.05), total alkalinity (p < 0.01), total phosphoms (p < 0.05), and 
ortho-phosphoms (p < 0.01). 

6.1.4.2.1.5 Water Clarity 

6.1.4.2.1.5.1 Secchi Transparency 

Figure 6. 10 displays a box plot of the Secchi depth transparencies measured at sites STBLKND1, 
STBLKMLl, STBLKUPN1 and STBLKUPS1 during 2008 (note: the monitoring sites are oriented in an 
upstream to downstream direction). Secchi depth transparency at site STBLKUPN1 and STBLKUPS1 
were significantly lower than the Secchi depth tr ansparencies measured at sites STBLKMLl and 
STBLKND1 (i.e., non-overlapping inter-qurutile ranges). The maximum Secchi depth measured at site 
STBLKUPS 1 was significantly lower than that measured at site STBLKUPN1 (Figure 6.1 0). 
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Figure 6.10. Box plot of Secchi depth transparencies measW'ed in Standing Bear Reservoir during 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.1.4.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of Standing Beru· Rese1voir based on 
depth-profile measurements taken during 2007 and 2008. Plates 44 and 45, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September. As seen in Plates 44 and 45, turbidity levels in Ed Z01insky Rese1voir vruy longitudinally 
from the dam to rese1voir's upper reaches, with turbidity levels being higher in the upper reaches of the 
rese1voir. Some ve1tical vru·iation in turbidity also occurs (Plates 44 and 45). 

6.1.4.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Standing Beru· Rese1voir were calculated from monitoring 
data collected during the 5-yeru· period 2004 through 2008 at the neru·-dam ambient monitoring site (i.e., 
STBLKND1). Table 6.5 surnmru·izes the TSI values calculated for the rese1voir. The TSI values indicate 
that the near-dam lacustrine ru·ea of Standing Bear Rese1voir is in a eutrophic to slightly hypereutrophic 
condition. 
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6.1.4.2.2 Water Quality Trends (1980 through 2008) 
 

 Water quality trends from 1980 to 2008 were determined for Standing Bear Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., STBLKND1).  Plate 46 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  The determined 
trends indicate that Standing Bear Reservoir exhibited increasing chlorophyll a levels and slightly 
decreasing transparency.  No trend in total phosphorus is observable.  Over the 29-year period since 1980, 
Standing Bear Reservoir has remained in a eutrophic to slightly hypereutrophic condition (Plate 46).   
 
6.1.4.3 Existing Water Quality Conditions of Runoff Inflows to Standing Bear Reservoir 
 

Existing water quality in the north and south inflows to Standing Bear Reservoir were monitored, 
respectively, at sites STBNFNRT1 and STBNFSTH1 under runoff conditions during the period of April 
through September.  Both sites are approximately ¼ mile upstream of the reservoir (Figure 6.9).  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plates 47 and 48, respectively, summarize water quality conditions that were 
monitored at sites STBNFNRT1 and STBNFSTH1 under runoff conditions during the 5-year period 2004 
through 2008.  

 
6.1.5 WEHRSPANN RESERVOIR 
 
6.1.5.1 Background Information 
 
6.1.5.1.1 Project Overview 
 

The dam forming Wehrspann Reservoir is located on a tributary to the South Branch Papillion 
Creek.  The dam was completed on September 21, 1982 and the reservoir reached its initial fill on May 
26, 1987. The Wehrspann Reservoir watershed is 13.1 square miles.  The watershed was largely 
agricultural when the dam was built in 1982.  Recently however, the watershed has undergone increased 
urbanization with the growth of Gretna and acreage development. 
 
6.1.5.1.2 Aquatic Habitat Improvement and Water Quality Management Project 

A Corps Section 1135 aquatic habitat improvement and water quality management project was 
completed at Wehrspann Reservoir in 1999.  The project consisted of a sediment control structure, 

Table 6.5. Summary of Trophic State Index (TSI) values calculated for Standing Bear Reservoir for the 5-year 
period 2004 through 2008. 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 65 65 49 76 
TSI(TP) 25 59 60 41 74 
TSI(Chl) 25 69 69 40 85 
TSI(Avg) 25 64 64 53 76 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, 

and chlorophyll a measurements.  TSI(Avg) is the average of TSI values for the individual parameters. 
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 



sediment detention pond/wetlands, and tree and slnub mitigation plantings. The sediment control 
structure dam was located approximately Y2 mile upstream of the rese1voir (see Figure 6.12). A detention 
area was fmmed upstr·eam of the sediment dam to capture and store sediments that would enter 
Weln·spann Rese1voir. The natural detention area was fmt her excavated and graded to maximize 
retention volume and wetlands creation. The sediment storage area will ultimately become a wet 
meadow-scmb wetland-grassland mosaic, unless sediment that collects is periodically removed. The 
detention area was designed to ultimately fill with sediment to the top of the spillway crest elevation of 
1117 ft-msl. The detention area has a design capacity of 469 ac-ft with a maximum surface area of 
approximately 76 acres. A nonpoint source water quality management project to educate landowners and 
implement best management practices (BMPs) was also implemented in the watershed when the Section 
1135 project was constmcted. 

6.1.5.1.3 Wehrspann Dam Intake Structure 

The reinforced concrete intake str11cture has two upper level intakes (inve1t elevations 1096.0 and 
1103.4 ft-msl), an inte1mediate intake (inve1t elevation 1090.0 ft-msl), and also a low-level intake (inve1t 
elevation 1074.0 ft-msl). The upper level intakes are tmcontrolled. The low-level intake is provided with 
a slide gate to allow draining of the rese1voir. The inte1mediate intake is a 6-inch diameter slide gate for 
flow augmentation releases. A low-level inlet is constructed 130 feet upstr·eam of the intake tower. The 
inlet is provided with a tr·ash rack and emergency bulkhead to allow closure with the gate open. A 30-
inch reinforced concrete pipe connects the low-level inlet to the intake structure. 

6.1.5.1.4 Reservoir Storage Zones 

Figure 6.11 depicts the cunent storage zones of Weln·spalill Rese1voir based on the 1994 Corps 
smvey data and estimated sedimentation. It is estimated that 8 to 16 percent of the "as-built" 
Multipurpose Pool had been lost to sedimentation as of 2008 with the annual volume loss estimated to be 
0.38 to 0.73 percent. Based on the State ofNebraska's impairment assessment methodology, these values 
indicate that Weln·spalill Rese1voir's water quality dependent uses are not impaired due to sedimentation. 
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Figure 6.11. CwTent storage zones of Wehrspann Reservoir based on the 1994 Cmps swvey data and estimated 
sedimentation. 
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6.1.5.1.5 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Wehrspann Reservoir since the reservoir 
was initially filled in the late 1980’s.  Water quality monitoring locations have included sites on the 
reservoir and on the inflow and outflow of the reservoir.  Figure 6.12 shows the location of the sites that 
have been monitored for water quality during the past 5 years (i.e., 2004 through 2008).  The near-dam 
location (WEHLKND1) has been continuously monitored since 1986. 
 
6.1.5.2 Water Quality in Wehrspann Reservoir 
 
6.1.5.2.1 Existing Water Quality Conditions  
 
6.1.5.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 

 
Water quality conditions that were monitored in Wehrspann Reservoir at sites WEHLKND1 and 

WEHLKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 49 and 50.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, total ammonia, and nutrients. 
 

A significant number of dissolved oxygen measurements throughout Wehrspann Reservoir were 
below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 49 and 50).  All of the low 
dissolved oxygen measurements occurred near the bottom of the reservoir, and appeared to be associated 
with a slight thermal stratification.  Nebraska’s Water Quality Standards makes the following provision 
regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal stratification, all 
applicable narrative and numerical criteria, with the exception of the numerical criteria for 
temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Wehrspann Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l are not considered to be a water quality standards non-
attainment situation. 
 

The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 
exceeded in Wehrspann Reservoir in the area near the dam.  Ammonia criteria are pH and temperature 
dependant, and the criteria cited are based on median values that may or may not represent conditions 
when the higher ammonia occurred.  Also, the two values exceeding the criterion were measured in near-
bottom samples, and the numeric ammonia criteria may not be applicable if thermal stratification was 
present.  The higher near-bottom ammonia conditions may be associated with the reduction of nitrogen as 
dissolved oxygen is degraded in the hypolimnion during thermal stratification. 

 
Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 

include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Wehrspann Reservoir (Plates 49 and 50). The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 30, 20, and 76 percent of the 
samples collected at site WEHLKND1 (i.e., near-dam) (Plate 49).  All the chlorophyll a, total nitrogen, 
and total phosphorus samples were collected during the “growing season” (i.e., May through September) 
and the reported mean values represent the growing season average for the 5-year period 2004 through 
2008.  Based on the State of Nebraska’s impairment assessment methodology, the chlorophyll a mean 
value of 36 ug/l and the total phosphorus mean value of 0.15 ug/l for samples collected at site 
WEHLKND1 (Plate 49) indicate impairment of the Aesthetics beneficial use of Wehrspann Reservoir due 
to nutrients.  The monitored low dissolved oxygen levels and high mean chlorophyll a value indicate 
impairment of the Aquatic Life beneficial use of Wehrspann Reservoir also due to nutrients. 
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Figure 6.12. Location of sites where water quality monitoring was conducted by the District at Wehrspann 

Reservoir during the period 2004 through 2008. 
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6.1.5.2.1.2 Thermal Stratification 
 
6.1.5.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal stratification of Wehrspann Reservoir measured during 2007 
and 2008 is depicted by longitudinal temperature contour plots constructed along the length of the 
reservoir.  Plates 51 and 52, respectively, provide longitudinal temperature contour plots based on depth-
profile temperature measurements taken from May through September at sites WEHLKND1, 
WEHLKML1, and WEHLKUP1 in 2007 and 2008.  These temperature plots indicate that a moderate 
amount of thermal stratification was present in Wehrspann Reservoir during the early summer of 2007 
and 2008, and the extent of the stratification appeared to have weakened in August and September of both 
years.  The greatest monitored difference between surface and bottom water temperatures was 5°C (Plates 
51 and 52). 

 
6.1.5.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

The depth-profile temperature measurements collected during the summer over the past 5 years at 
the deep water area near the dam were compiled and plotted to describe the existing summer thermal 
stratification of Wehrspann Reservoir (Plate 53).  The plotted depth-profile temperature measurements 
indicate that the reservoir exhibits moderate thermal stratification periodically during the summer.  
Wehrspann Reservoir appears to be dimictic to polymictic based on the measured thermal stratification in 
the summer (Plates 51, 52, and 53).  The deeper portions of the reservoir in the area of the old creek 
channel appear to resist mixing with the upper column of water through mid-summer. Since Wehrspann 
Reservoir ices over in the winter and based on the occurrence of thermal stratification in the summer it 
appears to fit the definition of a cold dimictic to polymictic lake (Wetzel, 2001). 
 
6.1.5.2.1.3 Dissolved Oxygen Conditions 
 
6.1.5.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Wehrspann Reservoir based 
on depth-profile measurements taken during 2007 and 2008.  Plates 54 and 55, respectively, provide 
longitudinal dissolved oxygen contour plots based on depth-profile measurements taken from May 
through September in 2007 and 2008.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were 
monitored near the reservoir bottom during the summer of both years (Plates 54 and 55). 
 
6.1.5.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

The depth-profile dissolved oxygen measurements collected during the summer over the past 5 
years at the deep water area near the dam were compiled and plotted to describe the existing summer 
dissolved oxygen conditions of Wehrspann Reservoir (Plate 56).  Several of the plotted profiles indicate a 
significant vertical gradient in dissolved oxygen levels tending towards a clinograde distribution.  Some 
profiles show a fairly constant dissolved oxygen concentration from the reservoir surface to the bottom.  
These profiles were measured in late summer and are believed to be a result of thermal stratification 
breaking down and the water column mixing as “fall turnover” of the reservoir occurred. 
 
6.1.5.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Wehrspann Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables for the reservoir.  The constructed contour plots were reviewed to identify the 
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“worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour plot 
with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 22, 2008 
contour plot indicates a pool elevation of 1096.9 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1091.5 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1089.0 ft-msl (Plate 55).  
The current District Area-Capacity Tables (1994 Survey) give storage capacities of 2,799 ac-ft for 
elevation 1096.9 ft-msl, 1,596 ac-ft for elevation 1091.5 ft-msl, and 1,154 ac-ft for elevation 1089.0 ft-
msl.  On July 22, 2008 it is estimated that 57 percent of the volume of Wehrspann Reservoir was less than 
the 5 mg/l dissolved oxygen criterion for the protection of warmwater aquatic life, and 41 percent of the 
reservoir volume was hypoxic. 
 
6.1.5.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Wehrspann Reservoir indicated hypoxic 
conditions were prevalent during the summers of 2007 and 2008, longitudinal contour and depth-profile 
plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected 
when hypoxia was present were also compared. 
 
6.1.5.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 57 and 58, respectively, provide longitudinal ORP contour plots based on measurements 
taken in 2007 and 2008.  The ORP values measured in mid-summer indicate somewhat reduced 
conditions present near the bottom of Wehrspann Reservoir (Plates 57 and 58).   Plate 59 plots depth 
profiles for ORP measured during the summer over the past 5 years in the deep water area of Wehrspann 
Reservoir near the dam.  A vertical gradient in ORP occasionally occurred in the reservoir during the 
summer, especially near the bottom (Plate 59). 
 
6.1.5.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 60 and 61.  Occasional reduced conditions in the deeper water of Wehrspann 
Reservoir seemingly lead to in lower pH levels near the reservoir bottom (Plates 60 and 61).  The lowest 
measured pH levels near the reservoir bottom were above the lower pH criterion of 6.5 for the protection 
of warmwater aquatic life.  Plate 62 plots depth profiles for pH measured during the summer over the past 
5 years in the deep water area of Wehrspann Reservoir near the dam.  An appreciable vertical gradient in 
pH occasionally occurred in the reservoir during the summer (Plate 62).  
 
6.1.5.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Wehrspann Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site WEHLKND1 during the 5-year period 2004 through 2008.  During the 5-year period a 
total of 25 paired samples were collected monthly from May through September.  Of the 25 paired 
samples collected, 11 (44%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 
paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (11), 
dissolved oxygen (11), oxidation-reduction potential (11), pH (11), alkalinity (10), total ammonia (10), 
nitrate-nitrate nitrogen (10), total phosphorus (10), and orthophosphorus (10) (Plate 63) [Note: the 
number in parentheses is the number of paired observations available for each parameter].  A paired 
two-tailed t-test was used to determine if the sampled near-surface and near-bottom conditions for the 



paired samples were significantly different (a = 0.05). The sampled near-surface and near-bottom 
conditions were not significantly different for total ammonia nitrogen, nitrate-nitiite nitrogen, total 
alkalinity, or total phosphorus. Parameters that were significantly lower in the near-bottom water of 
Wehrspann Rese1voir when hypoxia was present included: water temperature (p < 0.01), dissolved 
oxygen (p < 0.0001), ORP (p < 0.05), and pH (p < 0.0001). Parameters that were significantly higher in 
the near-bottom water included: ortho-phosphorus (p < 0.05). 

6.1.5.2.1.5 Water Clarity 

6.1.5.2.1.5.1 Secchi Transparency 

Figure 6.13 displays a box plot of the Secchi depth transparencies measured at sites 
WEHLKND1, WEHLKMLl , and WEHLKUP1 during 2008 (note: the monitoring sites are 01iented in an 
upsti·eam to downsti·eam direction). The Secchi depth ti·ansparencies measured at sites WEHLKND1 and 
WEHLKML1 were siinilar and greater than the ti·ansparencies measured at site WEHLKUP1 . 
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Figure 6.13. Box plot of Secchi depth transparencies measmed in Welu·spann Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.) 

6.1.5.2.1.5.2 Turbidity 

Turbidity contour plots were constructed along the length of Wehrspann Rese1voii· based on 
depth-profile measurements taken during 2007 and 2008. Plates 64 and 65, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September. Wehrspann Rese1voir did not exhibit much variability in turbidity in 2007 (Plate 64). 
However, significant ve1tical variation in turbidity did occur in Jtme and July of2008 (Plate 65). 

6.1.5.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Wehrspann Rese1voii· were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monit01ing site (i.e., 
WEHLKND1). Table 6.6 summarizes the TSI values calculated for the rese1voir. The TSI values 
indicate that the near-dam lacusti·ine area ofWehrspann Rese1voir is in a hypereutrophic condition. 

62 



 

 63  

 
6.1.5.2.2  Water Quality Trends (1986 through 2008) 
 

Water quality trends from 1986 to 2008 were determined for Wehrspann Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., WEHLKND1).  Plate 66 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, it appears that Wehrspann Reservoir exhibited decreasing transparency, slightly decreasing total 
phosphorus concentrations, and increasing chlorophyll a levels (Plate 66).  Over the 29-year period since 
1980, Wehrspann Reservoir has moved from a eutrophic to hypereutrophic condition (Plate 66).   
 
6.1.5.3 Existing Water Quality Conditions of Runoff Inflows to Wehrspann Reservoir 
 
6.1.5.3.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Existing water quality conditions in the main tributary inflow to Wehrspann Reservoir was 
monitored under runoff conditions, during the period of April through September, at two sites 
WEHNFUSB1 and WEHNFDSB1 (Figure 6.12).  Site WEHNFUSB1 was about 1½ miles above the 
constructed sediment basin/wetland and site WEHNFDSB1 was at the sediment basin/wetland outflow.  
Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage 
from “base-flow” conditions.  Plates 67 and 68, respectively, summarize water quality conditions that 
were monitored at sites WEHNFUSB1 and WEHNFDSB1 under runoff conditions during the period 
2004 through 2008.  

 
6.1.5.3.2 Impact of Constructed Sediment Basin/Wetland on Water Quality Conditions of Runoff 

Inflow 
 

Runoff water quality conditions monitored upstream and downstream of the constructed sediment 
basin/wetland over the 7-year period 2004 through 2008 were compared.  Paired runoff samples collected 
at sites WEHNFUSB1 (i.e., upstream) and WEHNFDSB1 (i.e., downstream) were compared for the 
following parameters: turbidity, total suspended solids, total phosphorus, total Kjeldahl nitrogen, total 
ammonia nitrogen, nitrate-nitrite nitrogen, atrazine, metolachlor, and alachlor.  Box plots were 
constructed for each parameter to display the distribution of the paired runoff samples collected upstream 
and downstream of the constructed sediment basin/wetland (Plate 69).  A paired two-tailed t-test was used 
to determine if the sampled upstream and downstream runoff conditions were significantly different. The 
sampled paired runoff conditions upstream and downstream of the constructed sediment basin/wetland 

Table 6.6. Summary of Trophic State Index (TSI) values calculated for Wehrspann Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 67 68 55 75 
TSI(TP) 25 64 65 48 87 
TSI(Chl) 25 71 72 46 85 
TSI(Avg) 25 67 68 55 75 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, 

and chlorophyll a measurements.  TSI(Avg) is the average of TSI values for the individual parameters. 
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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were not significantly different (α = 0.05) for total ammonia nitrogen, atrazine, alachlor, and metolachlor.  
Parameters that were significantly lower downstream of the constructed sediment basin wetland included: 
turbidity (p < 0.05), total suspended solids (p < 0.01), total Kjeldahl nitrogen (p < 0.01), nitrate-nitrite 
nitrogen (p < 0.05), and total phosphorus (p < 0.05).  Measured runoff levels of atrazine and metolachlor 
upstream of the constructed sediment basin/wetland noticeably spiked in the spring, seemingly after 
recent applications of the herbicides.   
 
6.2 SALT CREEK WATERSHED PROJECTS 
 
6.2.1 BACKGROUND INFORMATION 
 
6.2.1.1 Salt Creek Watershed Hydrology 
 

Streamflow in the Salt Creek watershed follows a characteristic pattern.  Flows are generally low 
except for brief periods of rise caused by runoff from rainfall events.  A snowpack over the basin in early 
spring can produce a significant rise in flow as a result of snowmelt runoff.  Streams in the basin  
generally freeze over during the winter months.  

  
6.2.1.2 Tributary Project Reservoirs 
 

Ten Tributary Projects [Bluestem, Branched Oak, Conestoga, Holmes, Olive Creek, Pawnee, 
Stagecoach, Twin Lakes (East and West Twin Reservoirs), Wagon Train, and Yankee Hill] are located in 
the Salt Creek watershed in southeast Nebraska in the vicinity of the City of Lincoln (Figure 6.14).  The 
authorized purposes for all the reservoirs are flood control, recreation, and fish and wildlife management.  
Table 6.7 gives selected engineering data for the Salt Creek Tributary Project reservoirs.  Lake restoration 
projects have recently been completed on Holmes, Olive Creek, Wagon Train, and Yankee Hill 
Reservoirs. 

 
6.2.1.3 Water Quality Standards Classifications and Section 303(d) Listings 

 
The State of Nebraska’s water quality standards designates the following beneficial uses to all the 

Salt Creek Tributary Project reservoirs: recreation, warmwater aquatic life, agricultural water supply, and 
aesthetics.  None of the reservoirs are used as a public drinking water supply.  Designated swimming 
beaches are present at Branched Oak, Pawnee, Bluestem, and Wagon Train Reservoirs. The State’s water 
quality standards identify nutrient criteria for lakes and impounded waters based on the categorization of 
the physical, chemical, and biological characteristics of the waterbody.  Under this categorization 
Bluestem, Branched Oak, Conestoga, East Twin, Olive Creek, Pawnee, Stagecoach, Wagon Train, and 
Yankee Hill Reservoirs have been included in a common group coded as R13 impounded waters.  Holmes 
and West Twin Reservoirs, respectively, have been included in other groupings coded as R14 and R18 
impounded waters. 
 

Pursuant to the Federal CWA, the State of Nebraska has listed several of the Salt Creek reservoirs 
as “Category 5” waters on the State’s 2008 Section 303(d) list (see Table 1.3).  A “Category 5” listing 
infers that at least one beneficial use is impaired and a TMDL is required. Salt Creek reservoirs listed as 
“Category 5” waters include: Bluestem, Conestoga, East Twin, Olive Creek, Pawnee, Stagecoach, Wagon 
Train, and West Twin.  The beneficial uses impaired include aquatic life and aesthetics.  The identified 
pollutants/stressors include: algae toxins, ammonia, chlorophyll-a, and sediment.  TMDLs have been 
completed for Holmes, Pawnee, Wagon Train, and Yankee Hill Reservoirs. 
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Figure 6.14. Location of the Salt Creek Tributary Project reservoirs in southeast Nebraska. 
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Table 6.7. Summary of selected engineering for the Salt Creek Tributary Projects. 

 Bluestem Reservoir 
(Dam Site No. 4) 

Branched Oak Reservoir 
(Dam Site No. 18) 

Conestoga Reservoir 
(Dam Site No. 12) 

Holmes Reservoir 
(Dam Site No. 17) 

General     

 Dammed Stream N  Trib  of Olive Branch Oak Creek Holmes Creek Antelope Creek 

 Drainage Area 16 6  sq  mi  89 0  sq  mi  15 1  sq  mi  5 4  sq  mi  

 Reservoir Length (1) 1 6  miles 3 7  miles 1 4  miles 0 7  miles 

 Conservation Pool Elevation (Top) 1307 4 ft-msl 1284 0 ft-msl 1232 9 ft-msl 1242 4 ft-msl 

 Date of Dam Closure 12 September 1962 21 August 1967 24 September 1963 17 September 1962 

 Date of Initial Fill(2) 6 July 1963 18 January 1973 May 1965 2 June 1965 

“As-Built” Conditions(3) (1964) (1967) (1964) (1963) 

 Lowest Reservoir Bottom Elevation 1281 ft-msl 1244 ft-msl 1207 ft-msl 1224 ft-msl 

 Surface Area at top of  Conservation Pool 316 ac 1,798 ac 227 ac 123 ac 

 Capacity to top of  Conservation Pool 3,057 ac-ft 26,385 ac-ft 2,472 ac-ft 1,059 ac-ft 

 Mean Depth at top of Conservation Pool(4) 9 7 ft 14 7 ft 10 9 ft 8 6 ft 

Surveyed Conditions (1993:USACE) (2002:USGS) (1991:USACE) (2003:NGPC) (1996:USACE) (2002:USGS) (1993:USACE) (2006:NGPC)

 Lowest Reservoir Bottom Elevation 1288 ft-msl 1291 ft-msl 1252 ft-msl 1252 ft-msl 1216 ft-msl 1214 ft-msl 1228 ft-msl 1226 ft-msl 

 Surface Area at top of Conservation Pool 309 ac 290 ac 1,847 ac 1,761 ac  217 ac 211 ac 123 ac 108 ac 

 Capacity to top of  Conservation Pool 2,531 ac-ft 2,102 ac-ft 25,088 ac-ft 24,526 ac-ft 1,808 ac-ft 1,846 ac-ft 783 ac-ft 931 ac-ft 

 Mean Depth at top of Conservation Pool(4) 8 2 ft 7 2 ft 13 6 ft 13 9 ft 8 3 ft 8 7 ft 6 4 ft 8 6 ft 

Sediment Deposition in Conservation and 
Sediment Pools (1993:USACE) (2002:USGS) (1991:USACE) (2003:NGPC) (1996:USACE) (2002:USGS) (1993:USACE) (2006:NGPC)

 Surveyed Sediment Deposition(5) 526 ac-ft 955 ac-ft 1,297 ac-ft 1,859 ac-ft 664 ac-ft 626 sc-ft 276 ac-ft 128 ac-ft 

 Annual Sedimentation Rate(6) 17 5 ac-ft/yr 24 5  ac-ft/yr 51 9 ac-ft/yr 50 2 ac-ft/yr 20 1 ac-ft/yr 16 1  ac-ft/yr 8 9 ac-ft/yr ----- 

 Current Estimated Sediment Deposition(7) 789 ac-ft 1,102 ac-ft 2,179 ac-ft 2,110 ac-ft 905 ac-ft 722 ac-ft ----- 155 ac-ft(9) 

 Current capacity to top of Conservation 
Pool(8) 2,268 ac-ft 1,955 ac-ft 24,206 ac-ft 24,275 ac-ft 1,567 ac-ft 1,750 ac-ft ----- 904 ac-ft(9) 

 Percent of “As-Built” capacity to top of the 
Conservation Pool lost to current estimated 
sediment deposition 

26% 36% 8% 8% 37% 29% ----- 15%(9) 

Operational Details – Historic  (1964 – 2008) (1973-2008) (1966 – 2008) (1966 – 2008) 

 Maximum Recorded Pool Elevation 1316 5 ft-msl 11-Oct-73 1287 9 ft-msl 26-Aug-87 1241 1 ft-msl 24-Mar-87 1250 0 ft-msl 24-Jul-93 

 Minimum Recorded Pool Elevation 1299 1 ft-msl 28-Oct-91 1274 7 ft-msl 2-Apr-70 1224 9 ft-msl 22-Apr-07 1224 9 ft-msl(10) 22-Apr-07 

 Maximum Recorded Daily Inflow 1,447 cfs  10-Oct-73 3,700 cfs 25-Aug-87 907 cfs 23-Mar-87 604 cfs 24-Jul-93 

 Maximum Recorded Daily Outflow 342 cfs 12-Oct-73 774 cfs 25-Jul-93 185 cfs 25-Mar-87 187 cfs 29-Jun-83 

 Average Annual Pool Elevation 1305 8 ft-msl 1282 7 ft-msl 1232 0 ft-msl 1240 6 ft-msl 

 Average Annual Inflow 4,614 ac-ft 25,642 ac-ft 4,748 ac-ft 3,373 ac-ft 

 Average Annual Outflow 3,472 ac-ft 19,530 ac-ft 3,994 ac-ft 2,903 ac-ft 

 Estimated Retention Time(11) 0 65 Years 1 24 Years 0 39 Years 0 31 Years 

Operational Details – Current(12)     

 Maximum Recorded Pool Elevation  1309 9 ft-msl 5-Jun-08 1286 4 ft-msl 8-Jun-08 1237 5 ft-msl 12-Jun-08 1245 3 ft-msl 11-Jun-08 

 Minimum Recorded Pool Elevation 1305 5ft-msl 6-Oct-07 1284 1 ft-msl 5-Sep-08 1231 6 ft-msl 27-Jan-08 1242 1 ft-msl 30-Mar-07 

 Maximum Recorded Daily Inflow 360 cfs  5-Jun-08 1,010 cfs 5-Jun-08 335 cfs 11-Mar-08 177 cfs 5-Jun-08 

 Maximum Recorded Daily Outflow 70 cfs 5-Jun-08 278 cfs 9-Jul-08 85 cfs 12-Jun-08 50 cfs 12-Jun-08 

 Total Inflow  (% of Average Annual) 4,592 ac-ft (100%) 30,903 ac-ft (121%) 2,904 ac-ft (61%) 4,399 ac-ft (130%) 

 Total Outflow  (% of Average Annual) 3,257 ac-ft (94%) 26,296 ac-ft (135%) 2,116 ac-ft (53%) 4,017 ac-ft (138%) 

Outlet Works     

 Ungated Outlets 2) 30” x 96”   1313 5 ft-msl 
2) 12” x 54”  1307 4 ft-msl 2) 42” x 144”  1284 0 ft-msl 2) 30” x 96” 1242 3 ft-msl 

2) 12” x 54” 1232 9 ft-msl 
2) 30” x 96” 1249 0 ft-msl 
2) 12” x 36” 1242 5 ft-msl 

 Gated Outlets (Low-level) 1) 36” x 36” 1303 0 ft-msl 1) 48” x 72” 1274 0 ft-msl 
1) 10” Dia  1276 3 ft-msl 1) 36” x 36” 1228 0 ft-msl 1) 36” x 36” 1239 0 ft-msl 

1) 45” x 45”  1230 6 ft-msl(13) 
(1) Reservoir length at top of Conservation Pool  
(2) First occurrence of reservoir pool elevation to top of Conservation Pool elevation  
(3) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed  
(4) Mean Depth = Volume ÷ Surface Area  
(5) Surveyed sediment deposition is the difference in reservoir storage capacity to top of Conservation Pool between “as-built” and survey  
(6) Annualized sedimentation rate based on historic sediment deposition  
(7) Current estimated sediment deposition is based on the historic sediment deposition and the annual sedimentation rate over the number of years since the latest survey  
(8) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation  
(9) A lake renovation project was completed at Holmes Reservoir in 2005 and an estimated 200 ac-ft of sediment was removed from the bottom of the reservoir   Holmes 

Reservoir was surveyed by NGPC in 2006   Values given are estimates for conditions after the removal of the sediment based on the NGPC survey     
(10) Reservoir drawn down for lake renovation project  
(11) Estimated Retention Time = Multipurpose Pool Volume ÷ Average Annual Outflow   
(12) Current operational details are for the water year 1-Oct-2007 through 30-Sep-2008  
(13) A new gate was installed in the Holmes Dam outlet works as part of the 2004 Lake renovation Project to allow the reservoir to be drawn down to lower pool elevations  
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Table 6.7.  (Continued). 

 Olive Creek Reservoir 
(Dam Site No. 2) 

Pawnee Reservoir 
(Dam Site No. 14) 

Stagecoach Reservoir 
(Dam Site No. 9) 

Twin Lakes 
East and West Twin Res. 

(Dam Site No. 13) 

General     

 Dammed Stream S  Trib of Olive Branch North Middle Creek S  Trib  Of Hickman Branch Middle Creek 

 Drainage Area 8 2  sq  mi  35 9  sq  mi  9 7  sq  mi  11 0  sq  mi  

 Reservoir Length(1) 1 2  miles 3 0  miles 1 4  miles 1 5  miles 

 Conservation Pool Elevation (Top) 1335 0 ft-msl 1244 3 ft-msl 1271 1 ft-msl 1341 0 ft-msl 

 Date of Dam Closure 20 September 1963 16 July 1964 27 August 1963 26 September 1965 

 Date of Initial Fill(2) 30 June 1965 21 June 1967 May 1965 18 March 1969 

“As-Built” Conditions(3) (1964) (1966) (1964) (1966) 

 Lowest Reservoir Bottom Elevation 1316 ft-msl 1209 ft-msl 1252 ft-msl 1316 ft-msl 

 Surface Area at top of Conservation Pool 169 ac 734 ac 201 ac 245 ac 

 Capacity to top of  Conservation Pool 1,298 ac-ft 8,695 ac-ft 1,770 ac-ft 2,561 ac-ft 

 Mean Depth at top of Conservation Pool(4) 7 7 ft 11 8 ft 8 8 ft 10 5 ft 

Latest Surveyed Conditions (1993:USACE) (2005:USGS) (1991:USACE) (2002:NGPC) (1990:USACE) (2002:USGS) (1994:USACE) (2002 USGS) 

 Lowest Reservoir Bottom Elevation 1322 ft-msl 1320 ft-msl 1219 ft-msl 1220 ft-msl 1256 ft-msl 1256 ft-msl 1320 ft-msl 1320 ft-msl 

 Surface Area at top of Conservation Pool 162 ac 120 ac 725 ac 604 ac 195 ac 196 ac 236 ac 232 ac 

 Capacity to top of  Conservation Pool 1,100 ac-ft 1,060 ac-ft 7,500 ac-ft 6,924 ac-ft 1,451 ac-ft 1,422 ac-ft 2,161 ac-ft 1,808 ac-ft 

  Mean Depth at top of Conservation Pool(4) 6 8 ft 8 8 ft 10 3 ft 11 5 ft 7 4 ft 7 3 ft 9 2 ft 7 8 ft 

Sediment Deposition in Conservation and 
Sediment Pools (1993:USACE) (2005:USGS) (1991:USACE) (2002:NGPC) (1990:USACE) (2002:USGS) (1994:USACE) (2002 USGS) 

 Surveyed Sediment Deposition(5) 198 ac-ft 238 ac-ft 1,195 ac-ft 1,771 ac-ft 319 ac-ft 348 ac-ft 400 ac-ft 753 ac-ft 

 Annual Sedimentation Rate(6) 6 6 ac-ft/yr -----(9) 46 0 ac-ft/yr 47 9 ac-ft/yr 11 8 ac-ft/yr 8 9 ac-ft/yr 13 8 ac-ft/yr 20 4 ac-ft/yr 

 Current Estimated Sediment Deposition(7) 212 ac-ft(9)  258(9) 1,976 ac-ft 2,058 ac-ft 532 ac-ft 402 ac-ft 593 ac-ft 875 ac-ft 

 Current capacity to top of Conservation 
Pool(8) 1,086 ac-ft(9) 1,040 ac-ft(9) 6,719 ac-ft 6,637 ac-ft 1,238 ac-ft 1,368 ac-ft 1,968 ac-ft 1,686 ac-ft 

 Percent of “As-Built” capacity to top of the 
Conservation Pool lost to current estimated 
sediment deposition 

16%(9) 20%(9) 23% 24% 30% 23% 23% 34% 

Operational Details – Historic  (1966 – 2008) (1968 – 2008) (1965 – 2008) (1969 – 2008) 

 Maximum Recorded Pool Elevation 1342 6 ft-msl 24-Jul-93 1249 1 ft-msl 25-Jul-93 1279 7 ft-msl 5-Jun-08 1346 9 ft-msl 29-Jun-83 

 Minimum Recorded Pool Elevation 1324 3 ft-msl(10) 1-Dec-99 1236 6 ft-msl 15-Nov-66 1259 6 ft-msl 31-Oct-91 1332 1 ft-msl 31-Oct-91 

 Maximum Recorded Daily Inflow 920 cfs 23-May-04 1,381 cfs 24-Mar-87 1,030 cfs 23-May-04 632 cfs  13-Jul-93 

 Maximum Recorded Daily Outflow 188 cfs  24-May-04 420 cfs 25-Jul-93 193 cfs 6-Jun-08 168 cfs  30-Jun-83 

 Average Annual Pool Elevation 1332 0 ft-msl 1243 5 ft-msl 1270 1 ft-msl 1339 2 ft-msl 

 Average Annual Inflow 2,322 ac-ft 7,168 ac-ft 3,274 ac-ft 3,688 ac-ft 

 Average Annual Outflow 1,762 ac-ft 4,696 ac-ft 2,600 ac-ft 2,903 ac-ft 

 Estimated Retention Time(11) 0 62 Years 1 43 Years 0 48 Years 0 68 Years 

Operational Details – Current(12)     

 Maximum Recorded Pool Elevation  1339 8 ft-msl 5-Jun-08 1245 3 ft-msl 16-Jul-08 1279 7 ft-msl 5-Jun-08 1342 0 ft-msl 16-Jun-08 

 Minimum Recorded Pool Elevation 1332 0 ft-msl 30-Mar-08 1244 0 ft-msl 3-Oct-07 1270 8 ft-msl 4-Sep-08 1339 9 ft-msl 30-Nov-07 

 Maximum Recorded Daily Inflow 375 cfs  5-Jun-08 270 cfs 5-Jun-08 630 cfs 4-Jun-08 165 cfs 5-Jun-08 

 Maximum Recorded Daily Outflow 87 cfs 6-Jun-08 45 cfs 16-Jul-08 193 cfs 6-Jun-08 37 cfs 17-Jul-08 

 Total Inflow  (% of Average Annual) 2,071 ac-ft (89%) 5,768 ac-ft (80%) 5,837 ac-ft (178%) 2,023 ac-ft (55%) 

 Total Outflow  (% of Average Annual) 1,403 ac-ft (80%) 3,461 ac-ft (74%) 5,285 ac-ft (203%) 1,017 ac-ft (35%) 

Outlet Works     

 Ungated Outlets 2) 24” x 72” 1340 9 ft-msl 
2) 12” x 30” 1335 0 ft-msl 2) 34” x 120” 1244 3 ft-msl 2) 24” x 72” 1277 1 ft-msl 

2) 12” x 30” 1271 1 ft-msl 2) 24” x 63” 1341 0 ft-msl 

 Gated Outlets (Low-level) 1) 36” x 36” 1330 0 ft-msl 1) 42” x 60” 1236 0 ft-msl 1) 36” x 36” 1261 0 ft-msl 1) 42” x 54” 1333 0 ft-msl 
(1) Reservoir length at top of Conservation Pool  
(2) First occurrence of reservoir pool elevation to top of Conservation Pool elevation  
(3) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed  
(4) Mean Depth = Volume ÷ Surface Area  
(5) Surveyed sediment deposition is the difference in reservoir storage capacity to top of Conservation Pool between “as-built” and survey  
(6) Annualized sedimentation rate based on historic sediment deposition  
(7) Current estimated sediment deposition is based on the historic sediment deposition and the annual sedimentation rate over the number of years since the latest survey  
(8) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation  
(9) A lake renovation project was completed at Olive Creek Reservoir in 2000 and an estimated 85 ac-ft of sediment was removed from the bottom of the reservoir   Values given 

are estimates for conditions after the removal of the sediment    The USGS 2005 survey was conducted after the lake renovation project was completed  
(10) Reservoir drawn down for lake renovation project  
(11) Estimated Retention Time = Multipurpose Pool Volume ÷ Average Annual Outflow   
(12) Current operational details are for the water year 1-Oct-2007 through 30-Sep-2008  
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Table 6.7.  (Continued). 

 Wagon Train Reservoir 
(Dam Site No. 8) 

Yankee Hill Reservoir 
(Dam Site No. 10)   

General     

 Dammed Stream N  Trib  Of Hickman Branch Cardwell Branch   

 Drainage Area 15 6  sq  mi  9 7  sq  mi    

 Reservoir Length(1) 1 8  miles 1 4  miles   

 Conservation Pool Elevation (Top) 1287 8 ft-msl 1244 9 ft-msl   

 Date of Dam Closure 24 September 1962 27 August 1963   

 Date of Initial Fill(2) 24 June 1963 May 1965   

“As-Built” Conditions(3) (1963) (1966)   

 Lowest Reservoir Bottom Elevation 1261 ft-msl 1226 ft-msl   

 Surface Area at top of Conservation Pool 279 ac 216 ac   

 Capacity to top of  Conservation Pool 2,272 ac-ft 1,907 ac-ft   

 Mean Depth at top of Conservation Pool(4) 8 1 ft 8 8 ft   

Latest Surveyed Conditions (1993:USACE) (2005:USGS) (1994:USACE) (2005:USGS)   

 Lowest Reservoir Bottom Elevation 1272 ft-msl 1273 ft-msl 1231 ft-msl 1228 ft-msl   

 Surface Area at top of Conservation Pool 277 ac 293 ac 211 ac 192 ac   

 Capacity to top of  Conservation Pool 2,053 ac-ft 2,012 ac-ft 1,627 ac-ft 1,680   

  Mean Depth at top of Conservation Pool(4) 7 4 ft 6 9 ft 7 7 ft 8 8 ft   

Sediment Deposition in Conservation and 
Sediment Pools (1993:USACE) (2005:USGS) (1994:USACE) (2005:USGS)   

 Surveyed Sediment Deposition(5) 219 ac-ft 260 ac-ft 280 ac-ft 227 ac-ft   

 Annual Sedimentation Rate(6) 7 1 ac-ft/yr -----(8) 9 7 ac-ft/yr -----(9)   

 Current Estimated Sediment Deposition(7) 280 ac-ft(8) 295 ac-ft(8) 198 ac-ft(9) 266 ac-ft(9)   

 Current capacity to top of Conservation 
Pool(10) 1,992 ac-ft(8) 1,977 ac-ft(8) 1,709 ac-ft(9) 1,641 ac-ft(9)   

 Percent of “As-Built” capacity to top of the 
Conservation Pool lost to current estimated 
sediment deposition 

12%(8) 13% 10%(9) 14%   

Operational Details – Historic  (1964 – 2008) (1968 – 2008)   

 Maximum Recorded Pool Elevation 1295 5 ft-msl 5-Jun-08 1252 3 ft-msl 11-Oct-73   

 Minimum Recorded Pool Elevation 1273 1 ft-msl(11) 5-Apr-00 1232 0 ft-msl(11)  2004-2006   

 Maximum Recorded Daily Inflow 1,199 cfs 10-Oct-73 690 cfs 10-Oct-73   

 Maximum Recorded Daily Outflow 334 cfs 25-Jul-93 145 cfs 12-Oct-73   

 Average Annual Pool Elevation 1286 1 ft-msl 1242 8 ft-msl   

 Average Annual Inflow 4,935 ac-ft 5,354 ac-ft   

 Average Annual Outflow 3,967 ac-ft 4,614 ac-ft   

 Estimated Retention Time(12) 0 50 Years 0 37 Years   

Operational Details – Current(13)     

 Maximum Recorded Pool Elevation  1295 5 ft-msl 5-Jun-08 1247 9 ft-msl 5-Jun-08   

 Minimum Recorded Pool Elevation 1287 3 ft-msl 5-Sep-08 1243 1 ft-msl 1-Oct-07   

 Maximum Recorded Daily Inflow 905 cfs  5-Jun-08 274 cfs 5-Jun-08   

 Maximum Recorded Daily Outflow 280 cfs 6-Jun-08 37 cfs 6-Jun-08   

 Total Inflow  (% of Average Annual) 10,697 ac-ft (217%) 2,811 ac-ft (53%)   

 Total Outflow  (% of Average Annual) 10,012 ac-ft (252%) 1,959 ac-ft (42%)   

Outlet Works     

 Ungated Outlets 2) 30” x 96” 1292 4 ft-msl 
2) 12” x 54”  1287 8 ft-msl 

2) 18” x 63”  1250 0 ft-msl 
2) 12” x 30”  1244 9 ft-msl   

 Gated Outlets (Low-level) 1) 36” x 36”  1283 5 ft-msl 1) 36” x 36”  1237 0 ft-msl   
(1) Reservoir length at top of Conservation Pool  
(2) First occurrence of reservoir pool elevation to top of Conservation Pool elevation  
(3) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed  
(4) Mean Depth = Volume ÷ Surface Area  
(5) Surveyed sediment deposition is the difference in reservoir storage capacity to top of Conservation Pool between “as-built” and survey  
(6) Annualized sedimentation rate based on historic sediment deposition  
(7) Current estimated sediment deposition is based on the historic sediment deposition and the annual sedimentation rate over the number of years since the latest survey  
(8) A lake renovation project was completed at Wagon Train Reservoir in 2003 and an estimated 45 ac-ft of sediment was removed from the bottom of the reservoir    Values 

given are estimates for conditions after the removal of the sediment    The USGS 2005 survey was conducted after the lake renovation project was completed  
(9) A lake renovation project was completed at Yankee Hill Reservoir in 2005 and an estimated 217 ac-ft of sediment was removed from the bottom of the reservoir  From 1966 

to 2003 an estimated 367 ac-ft (280 ac-ft + 9 x 9 7 ac-ft/yr) of sediment was deposited in Yankee Hill Reservoir   After the lake renovation project, it is estimated that the 
accumulated sediment in Yankee Hill Reservoir was 150 ac-ft (i e , 367 - 217 ac-ft)   The USGS 2005 survey was conducted after the lake renovation project was completed  

(10) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation  
(11) Reservoir drawn down for lake renovation project   
(12) Estimated Retention Time = Multipurpose Pool Volume ÷ Average Annual Outflow   
(13) Current operational details are for the water year 1-Oct-2007 through 30-Sep-2008  



6.2.2 BLUESTEM RESERVOIR 

6.2.2.1 Background Information 

6.2.2.1.1 Project Overview 

The dam forming Bluestem Rese1voir is located on a tributa1y to the Olive Branch. The dam was 
completed on September 12, 1962 and the rese1voir reached its initial fill on July 6, 1963. The Bluestem 
Rese1voir watershed is 16.6 square miles. The watershed was largely agri cultural when the dam was built 
in 1962 and has remained so to the present time. 

6.2.2.1.2 Bluestem Dam Intake Structure 

The intake structure at Bluestem Dam is a single reinforced concrete box shaft commonly called a 
two-way drop inlet. Its inside dimensions are 5 feet by 8 feet. The intake stmcture has four tmgated 
openings - two 30" x 96" openings with a crest elevation at 1313.5 ft-msl and two 12" x 54" openings 
with a crest elevation of 1307.4. A 36" x 36" gated opening with a crest elevation at 1303.0 ft-msl was 
constructed into the upstr·eam wall. The purpose of the gated opening is to lower the level of the 
conse1vation pool in order to inspect the conduit, make shoreline repairs, and manage fish populations. It 
may also be used to release water for downstream needs when the rese1voir is below conse1vation pool. 

6.2.2.1.3 Reservoir Storage Zones 

Figure 6.15 depicts the cunent storage zones of Bluestem Rese1voir based on the 1993 smvey 
data and estimated sedimentation. It is estimated that 26 to 36 percent of the "as-built" volUllle to the top 
of the Conse1vation Pool has been lost to sedimentation as of 2008. The annual volume loss is estimated 
to be 0.57 to 0.80 percent. Based on the State ofNebraska's impairment assessment methodology, these 
values indicate that Bluestem Rese1voir's water quality dependent uses are impaired due to sedimentation. 

Elevation 
(ft.msl) 

Dam Crest 

1332.7--.. --·-·-.--------------------------r-------, 
Freeboard 

1331.7 -·-··-·-·-·l.---r------------------------1 
Flood Surcharge (7,229 ac-ft) 

E"""l'ency 
Spilway Crest 
1323.0ftmsl 

1322.5 ·-·-.. - .. --··-· .... t-L-r----------------------~·-···- ·· · -

Exclusive Flood Control (7,129 ac-ft) 
Ungated Drop Inlets 

Conservation+ Sediment Pool (2,268 ac.ft) 
1303.0------

Gated Inlet 

Figure 6.15. CwTent storage zones of Bluestem Reservoir based on the 1993 survey data and estimated 
sedimentation. 
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6.2.2.1.4 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Bluestem Reservoir since the late 1970’s.  
Water quality monitoring locations have included sites in the reservoir and on the inflow and outflow of 
the reservoir.  Figure 6.16 shows the location of the sites that have been monitored for water quality 
during the past 5 years (i.e., 2004 through 2008).  The inflow runoff sites (BLUNFNRT1 and 
BLUNFWST1) and the in-reservoir bacteria site (BLULKBACT1) were sampled by the Nebraska 
Department of Environmental Quality (NDEQ).  The other in-reservoir sites (BLULKND1, BLULKML1, 
and BLULKUP1) were sampled by the District.  The near-dam location (BLULKND1) has been 
continuously monitored since 1980. 
 
6.2.2.2 Water Quality in Bluestem Reservoir 
 
6.2.2.2.1 Existing Water Quality Conditions  
 
6.2.2.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Bluestem Reservoir at sites BLULKND1 and 
BLULKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 70 and 71.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, nutrients, mercury, and selenium. 
 

A few dissolved oxygen measurements throughout Bluestem Reservoir were below the 5 mg/l 
criterion for the protection of warmwater aquatic life (Plates 43 and 44).  All of the low dissolved oxygen 
measurements occurred near the bottom of the reservoir, and may have been associated with a slight 
thermal stratification.  Nebraska’s Water Quality Standards makes the following provision regarding the 
application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Bluestem Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l are not considered to be a water quality standards non-
attainment situation. 
 

The chronic selenium criterion for the protection of aquatic life was exceeded in one of five 
samples collected at the near-dam site (i.e., BLULKND1).  At this time the exceedence is considered to 
be a possible outlier.   
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Bluestem Reservoir (Plates 70 and 71). The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 94, 68, and 14 percent of the 
samples collected at site BLULKND1 (Plate 70).  All the chlorophyll a, total nitrogen, and total 
phosphorus samples were collected during the “growing season” (i.e., May through September) and the 
reported mean values represent the growing season average for the 5-year period 2004 through 2008.  
Based on the State of Nebraska’s impairment assessment criteria, the total phosphorus mean value of 0.30 
mg/l and the total nitrogen mean value of 2.0 mg/l for samples collected at site BLULKND1 (Plate 70) 
indicate impairment of the Aesthetics beneficial use of Bluestem Reservoir due to nutrients. 
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Figure 6.16. Location of sites where water quality monitoring was conducted at Bluestem Reservoir during the 

period 2004 through 2008. 
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6.2.2.2.1.2 Thermal Stratification 
 
6.2.2.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Bluestem Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 72 and 73, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites BLULKND1, BLULKML1, and 
BLULKUP1 in 2007 and 2008.  These temperature plots indicate that appreciable thermal variation was 
rarely present in Bluestem Reservoir during late-spring and summer.  Significant thermal stratification 
was monitored on one occasion (June 2008) when a 5°C difference was monitored between the surface 
and bottom water temperatures (Plate 73). 
 
6.2.2.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Bluestem Reservoir is depicted by the depth-profile 
temperature plots measured in the deep water area near the dam over the 5-year period 2004 through 2008  
(Plate 74).  The plotted depth-profile temperature measurements indicate that the reservoir rarely 
exhibited significant summer thermal stratification over the past 5 years.  Since Bluestem Reservoir ices 
over in the winter and seemingly exhibits frequent or continuous circulation during the summer, it appears 
to fit the definition of a cold polymictic lake (Wetzel, 2001). 
 
6.2.2.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.2.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Bluestem Reservoir based 
on depth-profile measurements taken during 2007 and 2008 at sites BLULKND1, BLULKML1, and 
BLULKUP1.  Plates 75 and 76, respectively, provide longitudinal dissolved oxygen contour plots based 
on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on one occasion (July 2008) near the 
reservoir bottom near the dam (Plate 76). 
 
6.2.2.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

The depth-profile dissolved oxygen measurements collected during the summer over the past 5 
years at the deep water area near the dam were compiled and plotted to describe the existing summer 
dissolved oxygen conditions of Bluestem Reservoir (Plate 77).  A few of the plotted profiles indicate an 
appreciable vertical gradient in dissolved oxygen levels.  Most profiles show a fairly constant dissolved 
oxygen concentration from the reservoir surface to the bottom. 
 
6.2.2.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Bluestem Reservoir with low dissolved oxygen conditions was estimated from the 
longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables for the reservoir.  The constructed contour plots were reviewed to identify the 
“worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour plot 
with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 25, 2008 
contour plot indicates a pool elevation of 1307.3 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1297.5 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1295.5 ft-msl (Plate 76).  
The current District Area-Capacity Tables (1993 Survey) give storage capacities of 2,501 ac-ft for 



elevation 1307.3 ft-msl, 427 ac-ft for elevation 1297.5 ft-msl, and 26 ac-ft for elevation 1295.5 ft-msl. 
On July 25, 2008 it is estimated that 17 percent of the volume of Bluestem Rese1voir was less than the 5 
mg/1 dissolved oxygen criterion for the protection of wa1mwater aquatic life, and 9 percent of the 
rese1voir volume was hypoxic. 

6.2.2.2.1.4 Water Quality Conditions Based 011 Hypoxia 

Since the dissolved oxygen levels monitored in Bluestem Rese1voir indicated hypoxic conditions 
were not prevalent during the summers of 2007 and 2008, additional water quality assessment of hypoxic 
conditions was not conducted. 

6.2.2.2.1.5 Water Clarity 

6.2.2.2.1.5.1 Secchi Transparency 

Figure 6.17 displays a box plot of the Secchi depth transparencies measured at the three in
reseivoir monito1ing sites (i.e., BLULKND1, BLULKMLl, and BLULKUP1) during 2008 (note: the 
three monitoring sites are oriented in an upstream to downstream direction). The Secchi depth 
transparencies measured at all three sites were significantly different (i.e., non-overlapping inter-quart ile 
ranges) with Secchi depths improving in a downstream direction. The Secchi depth transpar·encies 
measured at Bluestem Rese1voir were the lowest measured at any of the Salt Creek T1ibutary Projects. 
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Figure 6.17. Box plot of Secchi depth transparencies measmed in Bluestem Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.2.2.1.5.2 Turbidity 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed 
rather than transmitted with no change in direction or flux level. Turbidity in water is caused by 
suspended and colloidal matter such as clay, silt, fmely divided organic and inorganic matter, plankton, 
and other microscopic organisms. Turbidity contour plots were constructed along the length of Bluestem 
Rese1voir based on depth-profile measurements taken dming 2007 and 2008. Plates 78 and 79, 
respectively, provide longitudinal turbidity contour plots based on depth-profile measurements taken from 
May through September. Bluestem Rese1voir occasionally exhibited longitudinal and depth va1iability in 
turbidity. Relative to the other Salt Creek tributa1y rese1voirs, Bluestem Rese1voir appears to be the most 
turbid and remains turbid for extended pe1iods following nmoff events. 
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6.2.2.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Bluestem Reservoir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
BLULKND1).  Table 6.8 summarizes the TSI values calculated for the reservoir.  The TSI values indicate 
that the near-dam lacustrine area of Bluestem Reservoir is in a hypereutrophic condition.  It is noted that 
the TSI values are seemingly skewed due to the high turbidity of the reservoir. 

 
 
6.2.2.2.1.7 Monitoring at Swimming Beaches 
 

A designated swimming beach is located on Bluestem Reservoir.  Bacteria (i.e., E. coli) and the 
cyanobacteria toxin microcystin were monitored at the swimming beach on the reservoir at site 
BLULKBACT1 by the NDEQ (Figure 6.16).  Bacteria were monitored from May through September 
over the 5-year period 2004 through 2008, and microcystin was monitored from May through September 
during the 4-year period 2005 through 2008. 

 
6.2.2.2.1.7.1 Bacteria Monitoring 

 
Table 6.9 summarizes the results of the E. coli bacteria monitoring.  The “running 5-week” 

geometric means were calculated as running geometric means for five consecutive weekly bacteria 
samples through the recreational season (i.e., May through September).  The “pooled” geomean was 
determined by pooling all the weekly bacteria samples collected during the recreational season over the 5-
year period and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The 
sampling results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

The 5-year pooled geomean was compared to the State of Nebraska’s impairment assessment criteria 
regarding the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  
Based on that methodology a Primary Contact Recreation use in Bluestem Reservoir is not impaired due 
to bacteria.  The higher bacteria levels monitored in the reservoir are believed to be associated with runoff 
events. 
 

Table 6.8. Summary of Trophic State Index (TSI) values calculated for Bluestem Reservoir for the 5-year period 
2004 through 2008. 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 89 87 77 103 
TSI(TP) 25 73 73 52 84 
TSI(Chl) 25 57 55 40 82 
TSI(Avg) 25 73 73 62 82 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values irregardless of the parameters available to calculate the average. 
Note:  See Section 4.1.3 for discussion of TSI calculation. 
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6.2.2.2.1.7.2 Microcystin Monitoring 
 

Cyanobacteria toxins are naturally produced substances stored in the cells of certain species of 
cyanobacteria (i.e., bluegreen algae).  These toxins can be harmful to animals, including humans.  
Cyanobacteria toxins are known to attack the liver (hepatotoxins) or the nervous system (neurotoxins), 
others simply irritate the skin.  These toxins are usually released into the water when the cyanobacteria 
cell ruptures or dies.  One group of toxins produced and released by cyanobacteria is called microcystin 
because they were isolated from the cyanobacterium Microcystis aeruginosa.  Microcystin are the most 
common of the cyanobacteria toxins found in water, as well as being the ones most often responsible for 
poisoning animals and humans who come into contact with toxic blooms (Health Canada, 2006).  
Microcystin toxins are a hepatotoxin and are extremely stable in water because of their chemical 
structure.  They can survive in both warm and cold water and can tolerate radical changes in water 
chemistry, including pH.  Over 50 different kinds of the microcystin toxin have been identified.    
 

Due to human health and other environmental concerns, the NDEQ began monitoring for the 
cyanobacteria toxin microcystin in 2004.  The State of Nebraska issues health advisories and posts 
swimming beaches if monitored microcystins levels exceed 20 ug/l. 

 
Table 6.10 summarizes the microcystin monitoring conducted at the Bluestem Reservoir 

swimming beach during the 4-year period 2005 through 2008.  These results were compared to the 20 ug/l 
criterion for issuing health advisories and the posting of swimming beaches.  One sample, 1 percent of the 
collected samples, exceeded the criterion.  The monitored levels of microcystin do not indicate a 
significant cyanobacteria toxin concern at Bluestem Reservoir. 
 

Table 6.10. Summary of weekly (May through September) microcystin samples collected at the Bluestem 
Reservoir swimming beach (i.e., site BLULKBACT1) during the 4-year period 2005 through 2008. 

 
 

Summary Statistic 
Swimming Beach 

(Site BLULKBACT1) 
Number of Samples 85 
Minimum (ug/l) <0.2 
25th percentile (ug/l) <0.2 
Median (ug/l) <0.2 
75th Percentile (ug/l) <0.2 
Maximum (ug/l) 52.8 
Number of samples exceeding 20 ug/l 1 
Percent of samples exceeding 20 ug/l 1% 

 

Table 6.9. Summary of weekly (May through September) E. coli bacteria samples collected at Bluestem 
Reservoir (i.e., site BLULKBACT1) during the 5-year period 2004 through 2008. 

 
E. coli – Individual Samples E. coli – Geomeans (Running 5-Week) 

Number of Samples 146 Number of Geomeans 123 
Mean (cfu/100ml) 225 Average 108 
Median (cfu/100ml) 26 Median 36 
Minimum (cfu/100ml) 1 Minimum 1 
Maximum (cfu/100ml) 3,076 Maximum 1,463 
Percent of samples exceeding 235/100ml 20% Percent of Geomeans exceeding 126/100ml 29 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 29 
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6.2.2.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Bluestem Reservoir for transparency 
(i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The assessment was 
based on near-surface sampling of water quality conditions in the reservoir during the months of May 
through October at the near-dam monitoring site (i.e., BLULKND1).  Plate 80 displays a scatter-plot of 
the collected data for the four parameters and a linear regression line.  For the assessment period, it 
appears that Bluestem Reservoir exhibited decreasing transparency, increasing total phosphorus 
concentrations, and slightly decreasing chlorophyll a levels (Plate 80).  Over the 29-year period since 
1980, Bluestem Reservoir remained in a hypereutrophic condition with a slightly increasing trend in TSI 
values (Plate 80).   
 
6.2.2.2.3 Existing Water Quality Conditions of Runoff Inflows to Bluestem Reservoir 
 

Existing water quality conditions in the main tributary inflows to Bluestem Reservoir were 
monitored by the NDEQ under runoff conditions, during the period of April through September, at two 
sites BLUNFNRT1 and BLUNFWST1 (Figure 6.16).  Both sites were approximately ½ mile upstream 
from the reservoir.  Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more 
rise in stream stage from “base-flow” conditions.  Plates 81 and 82, respectively, summarize water quality 
conditions that were monitored at sites BLUNFNRT1 and BLUNFWST1 under runoff conditions during 
the 5-year period 2004 through 2008.  
 
6.2.3 BRANCHED OAK RESERVOIR 

6.2.3.1 Background Information 

6.2.3.1.1 Project Overview 

The dam forming Branched Oak Reservoir is located on Oak Creek.  The dam was completed on 
August 21, 1967 and the reservoir reached its initial fill on January 18, 1973. The Branched Oak 
Reservoir watershed is 89.0 square miles.  The watershed was largely agricultural when the dam was built 
in 1967 and has remained so to the present time. 
 
6.2.3.1.2 Branched Oak Dam Intake Structure 
 

The Branched Oak Dam intake structure is a single reinforced concrete box shaft commonly 
called a drop inlet structure.  Its inside dimensions are 6 feet by 12 feet.  The intake structure has two 
ungated openings, each 42” x 144” with crest elevations at 1284.0 ft-msl.  A 48” x 72” gated opening was 
constructed into the upstream wall of the inlet structure at a crest elevation of 1274.0 ft-msl.  The purpose 
of the gated opening is to lower the level of the conservation pool in order to inspect the conduit, make 
shoreline repairs, and manage fish populations.  A 10” diameter gated opening is located below the weir 
on the right side wall of the inlet structure at an elevation of 1276.3 ft-msl.  This gate may be used to 
provide water for downstream requirements. 
 
6.2.3.1.3 Reservoir Storage Zones 
 

Figure 6.18 depicts the current storage zones of Branched Oak Reservoir based on the 1991 
survey data and estimated sedimentation.  It is estimated that 8 percent of the “as-built” volume to the top 
of the Conservation Pool has been lost to sedimentation as of 2008.  The annual volume loss is estimated 
to be 0.20 percent.  Based on the State of Nebraska’s impairment assessment methodology, these values 
indicate that Branched Oak Reservoir’s water quality dependent uses are not impaired due to 
sedimentation. 



Elevation 
(ft-msl) 

Dam Crest 
1318.2 ··-··-----... --------------------------r-------, 

1284.0 ---------·--'1 
1276.3 -------------

1274.0 ---··-----------

Accumulated Sediment __ __; 
(1991 : 1,297 ac-ft) 
(2008 Estimated: 2,179 ac.ft) 

Exclusive Flood Control (71 ,671 ac-ft) 

Ungated Drop Inlet -----. 

Gated Inlets 

Conservation + Sediment Pool (24,206 ac-ft) 

Emergency 
Spilway Crest 
1311.6 ftmsl 

Figure 6.18. Cunent storage zones of Branched Oak Reservoir based on the 1991 smvey data and estimated 
sedimentation. 

6.2.3.1.4 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Branched Oak Reservoir since the late 
1970's. Water quality monitoring locations have included sites on the reservoir and on the inflow and 
outflow of the reservoir. Figure 6.19 shows the location of the sites that have been monitored for water 
quality during the past 5 years (i.e., 2004 through 2008). The inflow nmoff sites (BOKNFNRTl and 
BOKNFWSTl) and the in-reservoir bacteria sites (BOKLKBACTl and BOKLKBACT2) were sampled 
by the NDEQ. The other in-reservoir sites (BOKLKNDl, BOKLKMLNl , BOKLKMLSI, 
BOKLKUPNI, and BOKLKUPSI) were monitored by the District. The near-dam location 
(BOKLKNDI) has been continuously monitored since 1980. 

6.2.3.2 Water Qualitv in Branched Oak Reservoir 

6.2.3.2.1 Existing Water Quality Conditions 

6.2.3.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Branched Oak Reservoir at sites BOKLKNDI, 
BOKLKMLNI, and BOKLKMLSI from May through September during the 5-year period 2004 through 
2008 are summarized, respectively, in Plates 83 , 84, and 85. A review of these results indicated possible 
water quality concerns regarding dissolved oxygen, anrmonia, and nutrients. 
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Figure 6.19. Location of sites where water quality monitoring was conducted at Branched Oak Reservoir dw-ing the period 2004 through 2008. 
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A few dissolved oxygen measurements throughout Branched Oak Reservoir were below the 5 
mg/l criterion for the protection of warmwater aquatic life (Plates 83 - 85).  All of the low dissolved 
oxygen measurements occurred near the bottom of the reservoir, and may have been associated with a 
slight thermal stratification.  Nebraska’s Water Quality Standards makes the following provision 
regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Branched Oak Reservoir, and 
the measured dissolved oxygen levels below 5 mg/l are not considered to be a water quality standards 
non-attainment situation. 
 

One sample collected near the dam (i.e., site BOKLKND1) possibly exceeded the chronic 
ammonia criterion for the protection of warmwater aquatic life (Plate 83).  Ammonia criteria are pH and 
temperature dependant, and the criteria cited are based on median values that may or may not represent 
conditions when the higher ammonia occurred. 

 
Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 

include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Branched Oak Reservoir (Plates 83 - 85). The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 18, 10, and 64 percent of the 
samples collected at site BOKLKND1.  All the chlorophyll a, total nitrogen, and total phosphorus 
samples were collected during the “growing season” (i.e., May through September) and the reported mean 
values represent the growing season average for the 5-year period 2004 through 2008.  Based on the State 
of Nebraska’s impairment assessment methodology, the chlorophyll a mean value of 23 ug/l (Plate 83) 
indicates impairment of the Aesthetics beneficial use of Branched Oak Reservoir due to nutrients. 

 
6.2.3.2.1.2 Thermal Stratification 
 
6.2.3.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Branched Oak Reservoir measured during 2007 
and 2008 are depicted by longitudinal temperature contour plots constructed along the length of the 
reservoir through the north arm.  Plates 86 and 87, respectively, provide longitudinal temperature contour 
plots based on depth-profile temperature measurements taken from May through September at sites 
BOKLKND1, BOKLKMLN1, and BOKLKUPN1 in 2007 and 2008.  These temperature plots indicate 
that Branched Oak Reservoir rarely exhibited appreciable thermal variation during late-spring and 
summer.  The maximum difference monitored between the surface and bottom water temperatures during 
the 2-year period was 3°C (Plates 86 and 87). 
 
6.2.3.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Branched Oak Reservoir, at the deep water area near 
the dam, measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature 
plots (Plate 88).  The depth-profile temperature plots indicate that the reservoir rarely exhibited 
significant summer thermal stratification over the past 5 years.  Since Branched Oak Reservoir ices over 
in the winter and seemingly exhibits frequent or continuous circulation during the summer, it appears to 
fit the definition of a cold polymictic lake (Wetzel, 2001). 
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6.2.3.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.3.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Branched Oak Reservoir 
through the north arm based on depth-profile measurements taken during 2007 and 2008 at sites 
BOKLKND1, BOKLKMLN1, and BOKLKUPN1.  Plates 89 and 90, respectively, provide longitudinal 
dissolved oxygen contour plots based on depth-profile measurements taken from May through September. 
Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored along the reservoir bottom near 
the dam in both years (Plates 89 and 90). 

  
6.2.3.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Branched Oak Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  
Summer depth-profile dissolved oxygen plots were compiled for the 5 years (Plate 91).  On several 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Although 
Branched Oak Reservoir appears to be polymictic based on thermal stratification, there appears to be 
enough inhibition to mixing to allow hypoxic conditions to develop near the reservoir bottom in the area 
near the dam. 
 
6.2.3.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Branched Oak Reservoir with low dissolved oxygen conditions was estimated 
from the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s 
current Area-Capacity Tables (1991 Survey) for the reservoir.  The constructed contour plots were 
reviewed to identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken 
to be the contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  
The June 24, 2008 contour plot indicates a pool elevation of 1285.4 ft-msl, a 5 mg/l dissolved oxygen 
isopleth elevation of about 1272.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 
1268.0 ft-msl (Plate 90).  The current District Area-Capacity Tables give storage capacities of 27,747 ac-
ft for elevation 1285.4 ft-msl, 8,280 ac-ft for elevation 1272.0 ft-msl, and 4,883 ac-ft for elevation 1268.0 
ft-msl.  On June 24, 2008 it is estimated that 30 percent of the volume of Branched Oak Reservoir was 
less than the 5 mg/l dissolved oxygen criterion for the protection of warmwater aquatic life, and 18 
percent of the reservoir volume was hypoxic. 
 
6.2.3.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Branched Oak Reservoir indicated hypoxic 
conditions were common during the summers of 2007 and 2008, longitudinal contour and depth-profile 
plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected 
when hypoxia was present were also compared. 
 
6.2.3.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 92 and 93, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated somewhat reduced conditions present 
near the bottom of Branched Oak Reservoir in July 2008 (Plate 93).   Plate 94 plots depth profiles for 
ORP measured during the summer over the past 5 years in the deep water area of Branched Oak Reservoir 
near the dam.  ORP values approaching 0 mV occasionally occur near the bottom of Branched Oak 
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Reservoir during the summer.  However, given the polymictic nature of the reservoir these conditions 
seemingly are not long-term. 
 
6.2.3.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 95 and 96.   Occasional reduced conditions in the deeper water of Branched Oak 
Reservoir seemingly lead to in lower pH levels near the reservoir bottom (Plates 95 and 96).  The lowest 
measured pH levels near the reservoir bottom were above the lower pH criterion of 6.5 for the protection 
of warmwater aquatic life.  Plate 97 plots depth profiles for pH measured during the summer over the past 
5 years in the deep water area of Branched Oak Reservoir near the dam.  An appreciable vertical gradient 
in pH rarely occurred in the reservoir during the summer (Plate 97).  
 
6.2.3.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Branched Oak 
Reservoir during the summer when hypoxia was present were compared.  Near-surface conditions were 
represented by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were 
represented by samples collected within 1-meter of the reservoir bottom.   The compared samples were 
collected at the near-dam site BOKLKND1 during the 5-year period 2004 through 2008.  During the 5-
year period a total of 25 paired samples were collected monthly from May through September.  Of the 25 
paired samples collected, six (24%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  
For the paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (6), 
dissolved oxygen (6), oxidation-reduction potential (6), pH (6), alkalinity (4), total ammonia (4), nitrate-
nitrate nitrogen (4), total phosphorus (4), and orthophosphorus (4) (Plate 98) [Note: the number in 
parentheses is the number of paired observations available for each parameter].  A paired two-tailed t-
test was used to determine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (α = 0.05).  The sampled near-surface and near-bottom conditions were not 
significantly different for nitrate-nitrite nitrogen, total alkalinity, total phosphorus, or ortho-phosphorus.  
Parameters that were significantly lower in the near-bottom water of Branched Oak Reservoir when 
hypoxia was present included: water temperature (p < 0.01), dissolved oxygen (p < 0.01), ORP (p < 0.01), 
and pH (p < 0.01).   Parameters that were significantly higher in the near-bottom water included: total 
ammonia (p < 0.05). 
 
6.2.3.2.1.5 Water Clarity 
 
6.2.3.2.1.5.1 Secchi Transparency 
 

Figure 6.20 displays a box plot of the Secchi depth transparencies measured at the five in-
reservoir monitoring sites (i.e., BOKLKND1, BOKLKMLN1, BOKLKMLS1, BOKLKUPN1, and 
BOKLKUPS1) during 2008 (note: the monitoring sites are oriented in an upstream to downstream 
direction).  The Secchi depth transparencies measured in Branched Oak Reservoir increased in a 
downstream direction, and the water near the dam was significantly clearer than in the upper reaches of 
the south and north arms of the reservoir (Figure 6.20). 
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Figure 6.20. Box plot of Secchi depth transparencies measmed in Branched Oak Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.3.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of Branched Oak Resetvoir through the 
n01th rum based on depth-profile measurements taken dming 2007 and 2008. Plates 99 and 100, 
respectively, provide longitudinal turbidity contour plots based on depth-profile measurements taken from 
May through September. Branched Oak Resetvoir exhibited some longitudinal, vettical, and temporal 
vru·iation in turbidity. The variation of turbidity in the resetvoir is seemingly associated with nmoff 
events that caused significant increases in turbidity in the upper reaches which then moved along the 
resetvoir bottom. 

6.2.3.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Branched Oak Resetvoir were calculated from monitoring 
data collected during the 5-yeru· period 2004 through 2008 at the neru·-dam ambient monitoring site (i.e., 
BOKLKNDI). Table 6.11 summruizes the TSI values calculated for the resetvoir. The TSI values 
indicate that the near-dam lacustrine ru·ea of Branched Oak Resetvoir is in a slightly hypereutrophic 
condition. 

Table 6.11. Sununary of Trophic State Index (TSI) values calculated for Branched Oak Reservoir for the 5-year 
period 2004 tlu·ough 2008. 

TSI* No. ofObs. Mean Median Minimum Maximum 

TSI(SD) 25 67 67 60 75 

TSI(TP) 25 64 63 57 77 

TSI(Chl) 25 67 68 40 84 

TSI(Avg) 25 66 67 58 72 

* TSI(SD), TSI(TP), and TSI(C75hl) are TSI index values based, respectively, on Secchi depth, total phosphoms, and 
chlorophyll a measurements. TSI(Avg) is the average of TSI values irregardless of the parameters available to calculate the 
average. 

Note: See Section 4.1.3 for discussion ofTSI calculation. 
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6.2.3.2.1.7 Monitoring at Swimming Beaches 
 
Two designated swimming beaches are located on Branched Oak Reservoir.  Bacteria (i.e., E. 

coli) and the cyanobacteria toxin microcystin were monitored at the two swimming beaches (i.e., sites 
BOKLKBACT1 and BOKLKBACT2) by the NDEQ during the past 5 years.  Bacteria was monitored 
from May through September over the 5-year period 2004 through 2008, and microcystin was monitored 
from May through September during the 4-year period 2005 through 2008. 

 
6.2.3.2.1.7.1 Bacteria Monitoring 
 

Table 6.12 summarizes the results of the bacteria sampling.  The “running 5-week” geometric 
means were calculated as running geometric means for five consecutive weekly bacteria samples through 
the recreational season (i.e., May through September).  The “pooled” geomean was determined by 
pooling all the weekly bacteria samples collected during the recreational season over the 5-year period 
and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The sampling 
results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

The pooled geomeans were compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  Based on 
those criteria a Primary Contact Recreation use in Branched Oak Reservoir is not impaired due to 
bacteria.  The higher bacteria levels monitored in the reservoir are believed to be associated with runoff 
events. 
 
 
 

Table 6.12. Summary of weekly (May through September) bacteria samples collected at Branched Oak Reservoir 
(i.e., sites BOKLKBACT1 and BOKLKBACT2) during the 5-year period 2004 through 2008. 

North Swimming Beach Site: BOKLKBACT1 
E. coli  Bacteria – Individual Samples E. coli  Bacteria – Geomeans 

Number of Samples 103 Number of Geomeans 87 
Mean (cfu/100ml) 151 Average 52 
Median (cfu/100ml) 37 Median 41 
Minimum (cfu/100ml) 1 Minimum 6 
Maximum (cfu/100ml) 2,419 Maximum 135 
Percent of samples exceeding 235/100ml 13% Percent of Geomeans exceeding 126/100ml 5% 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 42 

South Swimming Beach Site: BOKLKBACT2 
E. coli  Bacteria – Individual Samples E. coli  Bacteria – Geomeans 

Number of Samples 100 Number of Geomeans 85 
Mean (cfu/100ml) 185 Average 46 
Median (cfu/100ml) 30 Median 27 
Minimum (cfu/100ml) 1 Minimum 5 
Maximum (cfu/100ml) 3,873 Maximum 174 
Percent of samples exceeding 235/100ml 15% Percent of Geomeans exceeding 126/100ml 11% 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 37 
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6.2.3.2.1.7.2 Microcystin Monitoring 
 

Table 6.13 summarizes the microcystin monitoring conducted at the Branched Oak Reservoir 
swimming beaches during the 4-year period 2005 through 2008.  These results were compared to the 20 
ug/l criterion for issuing health advisories and the posting of swimming beaches. No samples exceeded 
the criterion.  The monitored levels of microcystin do not indicate a significant cyanobacteria toxin 
concern at Branched Oak Reservoir. 

 

 
 

6.2.3.2.2  Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Branched Oak Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., BOKLKND1).  Plate 101 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, it appears that Branched Oak Reservoir exhibited decreasing transparency and increasing total 
phosphorus and chlorophyll a levels (Plate 101).  Over the 29-year period since 1980, Branched Oak 
Reservoir moved from a eutrophic to slightly hypereutrophic condition (Plate 101).   
 
6.2.3.2.3 Existing Water Quality Conditions of Runoff Inflows to Branched Oak Reservoir 
 

Existing water quality conditions in the main tributary inflows to Branched Oak Reservoir were 
monitored by the NDEQ under runoff conditions, during the period of April through September, at two 
sites BOKNFNRT1 and BOKNFWST1 (Figure 6.19).  Both sites were approximately ½ mile upstream 
from the reservoir.  Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more 
rise in stream stage from “base-flow” conditions.  Plates 102 and 103, respectively, summarize water 
quality conditions that were monitored at sites BOKNFNRT1 and BOKNFWST1 under runoff conditions 
during the period 2004 through 2008. 

 
 
 
 
 
 
 

Table 6.13. Summary of weekly (May through September) microcystin samples collected at Branched Oak 
Reservoir (i.e., sites BOKLKBACT1 and BOKLKBACT2) during the 4-year period 2005 through 
2008. 

 
Summary Statistic 

North Swimming Beach 
(Site BOKLKBACT1) 

South Swimming Beach 
(Site BOKLKBACT2) 

Number of Samples 85 85 
Minimum (ug/l) <0.2 <0.2 
25th percentile (ug/l) <0.2 <0.2 
Median (ug/l) 0.2 0.3 
75th Percentile (ug/l) 0.8 0.9 
Maximum (ug/l) 6.9 10.4 
Percent of samples exceeding 20 ug/l 0% 0% 



6.2.4 C ONESTOGA RESERVOIR 

6.2.4.1 Background Information 

6.2.4.1.1 Project Overview 

The dam fo1ming Conestoga Rese1voir is located on Holmes Creek. The dam was completed on 
September 24, 1963 and the rese1voir reached its initial fill in May 1965. The Conestoga Rese1voir 
watershed is 15.1 square miles. The watershed was largely agricultural when the dam was built in 1963 
and has remained so to the present time. 

6.2.4.1.2 Conestoga Dam Intake Structure 

The dam intake at Conestoga Dam is a drop inlet stmcture consisting of a single reinforced 
concrete box shaft. Its inside dimensions are 5 feet by 8 feet. The intake structure has four tmgated 
openings - two 30" x 96" openings with a crest elevation at 1242.3 ft-msl and two 12" x 54" openings 
with a crest elevation at 1232.9. A 36" x 36" gated opening with a crest elevation of 1228.0 ft-msl was 
constructed into the upstream wall. The purpose of the gated opening is to lower the level of the 
conse1v ation pool in order to inspect the conduit, make shoreline repairs, and manage fish populations. It 
may also be used to release water for downstr·eam needs. 

6.2.4.1.3 Reservoir Storage Zones 

Figure 6.21 depicts the cun ent storage zones of Conestoga Rese1voir based on the 1996 smvey 
data and estimated sedimentation. It is estimated that 29 to 37 percent of the "as-built" volume to the top 
of the Conse1vation Pool has been lost to sedimentation as of 2008. The annual volume loss is estimated 
to be 0.65 to 0.81 percent. Based on the State of Nebraska's impai1ment assessment criteria, these values 
indicate that Conestoga Rese1voir's water quality dependent uses are impaired due to sedimentation. 
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Figure 6.21. CwTent storage zones of Conestoga Reservoir based on the 1996 survey data and estimated 
sedimentation. 
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6.2.4.1.4 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Conestoga Reservoir since the late 1970’s.  
Water quality monitoring locations have included sites on the reservoir and on the inflow and outflow of 
the reservoir.  Figure 6.22 shows the location of the sites that have been monitored for water quality 
during the past 5 years (i.e., 2004 through 2008).  The inflow runoff sites (CONNFNRT1 and 
CONNFWST1) and the in-reservoir bacteria site (CONLKBACT1) were sampled by the NDEQ.  The 
other in-reservoir sites (CONLKND1, CONLKML1, and CONLKUP1) were sampled by the District.  
The near-dam location (CONLKND1) has been continuously monitored by the District since 1980. 

 
6.2.4.2 Water Quality in Conestoga Reservoir 

6.2.4.2.1 Existing Water Quality Conditions  

6.2.4.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Conestoga Reservoir at sites CONLKND1 and 
CONLKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 104 and 105.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, pH, total ammonia, selenium, and nutrients. 

A small number (<15%) of dissolved oxygen measurements throughout Conestoga Reservoir 
were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 104 and 105).  All of 
the low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have been 
associated with a slight thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Conestoga Reservoir, and the 
lower dissolved oxygen levels are not considered to be a water quality standards non-attainment situation. 

 A small number (≤5%) of pH readings throughout Conestoga Reservoir were above the numeric 
pH criteria of 9.0 for the protection of warmwater aquatic life (Plates 104 and 105).  The magnitude and 
small number of pH criterion exceedences are not believed to be a significant concern at this time.  It is 
believed the high pH values may be associated with periods of high algal production and CO2 uptake 
during photosynthesis. 

The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 
exceeded on two occasions.  Ammonia criteria are pH and temperature dependant, and the criteria cited 
are based on median values that may or may not represent conditions when the higher ammonia occurred. 

 
One selenium measurement (20%) exceeded the chronic criterion for the protection of aquatic 

life.  At this time the exceedence is considered to be a possible outlier. 
 
Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 

include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Conestoga Reservoir (Plates 104 and 105). The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 70, 79, and 68 percent of the 
samples collected at site CONLKND1.  All the chlorophyll a, total nitrogen, and total phosphorus 
samples were collected during the “growing season” (i.e., May through September) and the reported mean 
values represent the growing season average for the 5-year period 2004 through 2008.  Based on the State 
of Nebraska’s impairment assessment criteria, the mean values for the three parameters (Plate 104) 
indicate impairment of the Aesthetics beneficial use of Conestoga Reservoir due to nutrients. 
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Figure 6.22. Location of sites where water quality monitoring was conducted at Conestoga Reservoir dwi.ng the period 2004 through 2008. 
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6.2.4.2.1.2 Thermal Stratification 
 
6.2.4.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Conestoga Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 106 and 107, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites CONLKND1, CONLKML1, and 
CONLKUP1 in 2007 and 2008.  These temperature plots indicate that Conestoga Reservoir occasionally 
exhibited appreciable thermal variation during late-spring and summer.  The maximum difference 
monitored between the surface and bottom water temperatures during the 2-year period was 4°C in June 
and July of 2008 (Plate 107). 
 
6.2.4.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Conestoga Reservoir, at the deep water area near the 
dam, is described by the depth-profile temperature plots measured over the past 5 years.  Depth-profile 
temperature plots measured during the summer were compiled (Plate 108).  The plotted depth-profile 
temperature measurements indicate that the reservoir rarely exhibits significant summer thermal 
stratification.  Since Conestoga Reservoir ices over in the winter and seemingly exhibits frequent or 
continuous circulation during the summer, it appears to fit the definition of a cold polymictic lake 
(Wetzel, 2001). 
 
6.2.4.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.4.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Conestoga Reservoir based 
on depth-profile measurements taken during 2007 and 2008 at sites CONLKND1, CONLKML1, and 
CONLKUP1.  Plates 109 and 110, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on two occasions (June and July 2008) near 
the reservoir bottom near the dam (Plate 110). 
 
6.2.4.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

The depth-profile dissolved oxygen measurements collected during the summer over the past 5 
years at the deep water area near the dam were plotted and compiled to describe the existing summer 
dissolved oxygen conditions of Conestoga Reservoir (Plate 111).  A few of the plotted profiles indicate an 
appreciable vertical gradient in dissolved oxygen levels.  Most of the profiles show a fairly constant 
dissolved oxygen concentration above 5 mg/l from the reservoir surface to the bottom.  This is attributed 
to the polymictic nature of the reservoir. 
 
6.2.4.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Conestoga Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1996 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 
24, 2008 contour plot indicates a pool elevation of 1233.9 ft-msl, a 5 mg/l dissolved oxygen isopleth 



elevation of about 1226.0 ft msl, and a 2.5 mgll dissolved oxygen isopleth elevation of about 1224 ft-msl 
(Plate 110). The cunent Distiict Area-Capacity Tables give storage capacities of2,029 ac-ft for elevation 
1233.9 ft-msl, 621 ac-ft for elevation 1226.0 ft-msl, and 442 ac-ft for elevation 1224.0 ft-msl. On Jtme 
24, 2008 it is estimated that 32 percent of the volume of Conestoga Rese1voir was less than the 5 mg/1 
dissolved oxygen crite1ion for the protection of wrumwater aquatic life, and 22 percent of the rese1voir 
volume was hypoxic. 

6.2.4.2.1.4 Water Quality Conditions Based 011 Hypoxia 

Since the dissolved oxygen levels monitored in Conestoga Rese1voir indicated hypoxic 
conditions were not prevalent during the summers of 2007 and 2008, additional water quality assessment 
of hypoxic conditions was not conducted. 

6.2.4.2.1.5 Water Clarity 

6.2.4.2.1.5.1 Secchi Transpru·ency 

Figure 6.23 displays a box plot of the Secchi depth transpru·encies measured at the three in
reseivoir monitoring sites (i.e., CONLKND1, CONLKML1, and CONLKUP1) during 2008 (note: the 
monitoring sites ru·e oriented in an upsti·eam to downstream direction). The Secchi depth transpru·encies 
measured in Conestoga Rese1voir increased in a downstream direction, and the water at the mid-lake and 
near-dam sites was significantly cleru·er than in the upper reaches of the rese1voir (Figure 6.23). 
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Figure 6.23. Box plot of Secchi depth transparencies measmed in Conestoga Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.4.2.1.5.2 Turbidity 

Turbidity contour plots were constructed along the length of Conestoga Rese1voir based on 
depth-profile measurements taken dming 2007 and 2008. Plates 112 and 113, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September. Conestoga Rese1voir commonly exhibited longitudinal and depth variability in turbidity. 
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6.2.4.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Conestoga Reservoir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
CONLKND1).  Table 6.14 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Conestoga Reservoir is in a hypereutrophic condition. 
 

 
6.2.4.2.1.7  Monitoring at Swimming Beaches 
 

A designated swimming beach is located on Conestoga Reservoir.  Bacteria (i.e., E. coli) and the 
cyanobacteria toxin microcystin were monitored at the swimming beach on the reservoir at site 
CONLKBACT1 by the NDEQ (Figure 6.16).  Bacteria was monitored from May through September over 
the 5-year period 2004 through 2008, and microcystin was monitored from May through September over 
the 4-year period 2005 through 2008. 

 
6.2.4.2.1.7.1 Bacteria Monitoring 

 
Table 6.15 summarizes the results of the E. coli bacteria monitoring.  The “running 5-week” 

geometric means were calculated as running geometric means for five consecutive weekly bacteria 
samples through the recreational season (i.e., May through September).  The “pooled” geomean was 
determined by pooling all the weekly bacteria samples collected during the recreational season over the 5-
year period and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The 
sampling results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

The pooled geomean was compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  Based on that 
criteria a Primary Contact Recreation use in Conestoga Reservoir is not impaired due to bacteria.  The 
higher bacteria levels monitored in the reservoir are believed to be associated with runoff events. 
 
 
 
 

Table 6.14. Summary of Trophic State Index (TSI) values calculated for Conestoga Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 74 74 63 87 
TSI(TP) 25 69 69 57 80 
TSI(Chl) 25 68 69 40 84 
TSI(Avg) 25 70 71 60 76 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values irregardless of the parameters available to calculate the average.   
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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6.2.4.2.1.7.2 Microcystin Monitoring 
 

Table 6.16 summarizes the microcystin monitoring conducted at the Conestoga Reservoir 
swimming beach during the 4-year period 2005 through 2008.  These results were compared to the 20 
ug/l criterion for issuing health advisories and the posting of swimming beaches.  Twelve samples (14%) 
exceeded the criterion.  Based on the State of Nebraska’s impairment assessment criteria (Tables 4.2 and 
4.5), 13 exceedences is the threshold to indicate impairment for 85 samples.  The 12 exceedences of the 
microcystins criterion are just below the impairment threshold.  Although the monitored levels of 
microcystins do not indicate impairment of the aesthetics beneficial use of Conestoga Reservoir, they do 
represent a concern regarding cyanobacteria toxins in the reservoir.    
 
 

Table 6.16. Summary of weekly (May through September) microcystin samples collected at the Conestoga 
Reservoir swimming beach (i.e., site CONLKBACT1) during the 4-year period 2005 through 2008. 

 
 

Summary Statistic 
Swimming Beach 

(Site CONLKBACT1) 
Number of Samples 85 
Minimum (ug/l) n.d. 
25th percentile (ug/l) 0.19 
Median (ug/l) 1.22 
75th Percentile (ug/l) 5.65 
Maximum (ug/l) 100 
Number of samples exceeding 20 ug/l 12 
Percent of samples exceeding 20 ug/l 14% 
 

 
6.2.4.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Conestoga Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., CONLKND1).  Plate 114 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, it appears that Conestoga Reservoir exhibited no noticeable change in transparency and increasing 
total phosphorus concentrations and chlorophyll a levels (Plate 114).  Over the 29-year period since 1980, 
Conestoga Reservoir moved from a eutrophic to slightly hypereutrophic condition (Plate 114).   

Table 6.15. Summary of weekly (May through September) E. coli bacteria samples collected at Conestoga
Reservoir (i.e., site CONLKBACT1) during the 5-year period 2004 through 2008. 

 
E. coli – Individual Samples E. coli – Geomeans (Running 5-Week) 

Number of Samples 102 Number of Geomeans 83 
Mean (cfu/100ml) 24 Average 9 
Median (cfu/100ml) 6 Median 6 
Minimum (cfu/100ml) n.d. Minimum 1 
Maximum (cfu/100ml) 397 Maximum 32 
Percent of samples exceeding 235/100ml 2% Number of Geomeans exceeding 126/100ml  

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 6 
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6.2.4.2.3 Existing Water Quality Conditions of Runoff Inflows to Conestoga Reservoir 
 

Existing water quality conditions in the main tributary inflow to Conestoga Reservoir was 
monitored at site CONNF1 by the NDEQ under runoff conditions during the period of April through 
September (Figure 6.22).  Site CONNF1 was approximately ½ mile upstream from the reservoir.  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plate 115 summarizes water quality conditions that were monitored at site 
CONNF1 under runoff conditions during the period 2004 through 2008.  
 
6.2.5 HOLMES RESERVOIR 

6.2.5.1 Background Information 

6.2.5.1.1 Project Overview 
 

The dam forming Holmes Reservoir is located on Antelope Creek in the City of Lincoln.  The 
dam was completed on September 17, 1962 and the reservoir reached its initial fill on June 2, 1965.  The 
Holmes Reservoir watershed is 5.4 square miles.  The watershed was largely agricultural when the dam 
was built in 1962; however since then, the watershed has undergone extensive urbanization with the 
growth of Lincoln. 
 
6.2.5.1.2 Aquatic Habitat Improvement and Water Quality Management Project 
 

Over $5.5 million in State and Federal funds were used to by the State of Nebraska to implement 
a lake restoration project at Holmes Reservoir.  The project, completed in 2005, implemented numerous 
measures to improve the aquatic habitat, water quality, and the fishery of the reservoir.  Implemented 
measures included off-line wetlands east of 70th Street, headwater wetlands north of Pioneers Boulevard, 
outlet modifications, construction of four jetties, two offshore breakwaters, a wooden fishing pier, three 
bridges, offset sediment dikes on each reservoir arm, and excavation of the reservoir basin.  
Approximately 320,750 cubic yards (CY) of sediment was excavated from the reservoir basin; 240,000 
CY was completely removed, 61,000 CY was used in jetties and breakwaters, and 20,000 CY was 
incorporated into wetland construction.  The excavation restored an estimated 52 percent of the original 
conservation pool volume and increased deep water (i.e. over 10 feet) by 111 percent.  Existing and newly 
constructed wetlands are expected to reduce sediment loading from 21,877 tons to below 5,000 tons 
annually.  Shoreline features such as jetties and breakwaters have added over 5,000 feet of new, 
productive shoreline while protecting against erosion.  This represents a 21 percent increase in shoreline 
length.  Collectively, basin excavation, shoreline stabilization features, sediment retention structures, and 
wetlands are expected to add 87 years to the recreational life of the reservoir.  The fish community was 
also renovated and restocked.  To increase recreational fishing opportunities, rainbow trout are annually 
scheduled for stocking into the south arm of the reservoir each fall and spring. 

 
6.2.5.1.3 Holmes Dam Intake Structure 
 

The dam intake at Holmes Dam is a drop inlet structure consisting of a single reinforced concrete 
box shaft.  Its inside dimensions are 5 feet by 8 feet.  The intake structure has four ungated openings – 
two 30” x 96” openings with a crest elevation at 1249.0 ft-msl and two 12” x 36” openings with a crest 
elevation at 1242.5 ft-msl.  A 36” x 36” gated opening with a crest elevation of 1239.0 ft-msl was 
constructed into the upstream wall.  As part of the recent lake renovation project a new low-level gated 
opening was installed in the drop inlet structure.  The new low-level gated opening is 45” x 45” with a 
crest elevation of 1230.6 ft-msl. The purpose of the new low-level gated opening is to allow for better 
management of pool elevations for water quality and fishery management.  It may also be used to release 
water for downstream needs. 



6.2.5.1.4 Reservoir Storage Zones 

Figure 6.24 depicts the cunent storage zones of Holmes Reservoir based on recent NGPC smvey 
data, results of the recent lake renovation project, and estimated sedimentation. After accounting for the 
sediment removed from the reservoir basin as part of the recent lake renovation project, it is estimated 
that 15 percent of the "as-built" volume to the top of the Conservation Pool has been lost to sedimentation 
as of 2008. The annual volume loss, prior to the implementation of the lake renovation project, is 
estimated to be 0.84 percent. However, measmes implemented as part of, or in conjunction with, the lake 
renovation project (e.g. , off-line wetlands, headwater wetlands, Antelope Commons wetlands, riparian 
vegetative plantings, stormwater management, etc.) are believed to have significantly reduced the annual 
volume loss below 0.84 percent. Based on the State of Nebraska 's impairment assessment cri teria, these 
values indicate that Holmes Reservoir·'s water quality dependent uses are not impair·ed due to 
sedimentation. 
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Figure 6.24. CwTent storage zones of Holmes Reservoir based on the 2006 NGPC survey data, recently 
implemented lake renovation project, and estimated sedimentation. 

6.2.5.1.5 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Holmes Reservoir· since the late 1970's. 
Water quality monitoring locations have included sites on the reservoir· and on the inflow and outflow of 
the reservoir. Figme 6.25 shows the location of the sites that have been monitored for water quality 
dming the past 5 years (i.e., 2004 through 2008). The inflow nmoff sites (HOLNFESTl and 
HOLNFWSTl) and the in-reservoir· bacteria site (HOLLKBACTl) were sampled by the NDEQ. The 
other in-reservoir· sites (HOLLKNDl, HOLLKMLNl , HOLLKMLSl , and HOLLKUPl) were sampled 
by the District. The near-dam location (HOLLKNDl) has been continuously monitored by the District 
since 1980. 

93 



Figure 6.25. Location of sites where water quality monitoring was conducted at Holmes Reservoir dming the period 2004 through 2008. 
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6.2.5.2 Water Quality in Holmes Reservoir 
 
6.2.5.2.1 Existing Water Quality Conditions  
 
6.2.5.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Holmes Reservoir at sites HOLLKND1, 
HOLLKMLN1, and HOLLKMLS1 from May through September during the 3-year period 2006 through 
2008 are summarized, respectively, in Plates 116 through 118.  A review of these results indicated 
possible water quality concerns regarding dissolved oxygen, pH, selenium, and nutrients. 
 

An appreciable number (>10%) of dissolved oxygen measurements throughout Holmes Reservoir 
were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 116 - 118).  All of the 
low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have been 
associated with thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Holmes Reservoir, and the low 
dissolved oxygen levels are not considered to be a water quality standards non-attainment situation. 
 

An appreciable number (18 to 23%) of pH readings throughout Holmes Reservoir were above the 
numeric pH criteria of 9.0 for the protection of warmwater aquatic life (Plates 116 - 118).  The measured 
pH values also exhibited a substantial range (i.e., 6.5 - 9.8).  It is believed the highly variable pH values 
are associated with periods of high algal production and CO2 uptake and release during photosynthesis 
and respiration.  The initial high water clarity in Holmes Reservoir, attributed to the newly completed lake 
restoration project, has allowed for extensive algal production due to the depth of the photic zone and the 
availability of nutrients. 

 
Nutrient criteria defined in Nebraska’s water quality standards for R14 impounded waters 

include: total phosphorus (134 ug/l), total nitrogen (1,460 ug/l), and chlorophyll a (44 ug/l).  All three of 
these criteria were exceeded in Holmes Reservoir (Plates 116 -118). The total phosphorus, total nitrogen, 
and chlorophyll a criteria were respectively exceeded by 50, 28, and 25 percent of the samples collected 
at site HOLLKND1.  All the chlorophyll a, total nitrogen, and total phosphorus samples were collected 
during the “growing season” (i.e., May through September) and the reported mean values represent the 
growing season average for the 5-year period 2004 through 2008. 

 
Based on the State of Nebraska’s impairment assessment methodology, the mean value for total 

phosphorus and the percent exceedence of the upper pH criterion (Plate 116) indicate impairment of the 
Aquatic Life and Aesthetics beneficial uses of Holmes Reservoir due to nutrients. 
 
6.2.5.2.1.2 Thermal Stratification 
 
6.2.5.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Holmes Reservoir measured during 2007 and 2008 
are depicted by longitudinal temperature contour plots constructed along the length of the north arm of the 
reservoir.  Plates 119 and 120, respectively, provide longitudinal temperature contour plots based on 
depth-profile temperature measurements taken from May through September at sites HOLLKND1, 
HOLLKMLN1, and HOLLKUP1 in 2007 and 2008.  These temperature plots indicate that Holmes 
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Reservoir exhibited periodic thermal stratification during the summer.  The maximum difference 
monitored between the surface and bottom water temperatures during the 2-year period was 6°C in June 
of 2008 (Plate 119). 
 
6.2.5.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Holmes Reservoir, at the deep water area near the dam, 
measured over the 3-year period 2006 through 2008 is depicted by depth-profile temperature plots (Plate 
121).  The depth-profile temperature plots indicate that the reservoir periodically exhibited significant 
summer thermal stratification over the past 3 years.  Since Holmes Reservoir ices over in the winter and 
seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
 
6.2.5.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.5.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Holmes Reservoir through 
the north arm based on depth-profile measurements taken during 2007 and 2008 at sites HOLLKND1, 
HOLLKMLN1, and HOLLKUP1.  Plates 122 and 123, respectively, provide longitudinal dissolved 
oxygen contour plots based on depth-profile measurements taken from May through September.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored along the reservoir bottom near the dam in 
both years (Plates 122 and 123).  Super saturation of dissolved oxygen was also monitored in shallow 
water areas (Plates 122 and 123).  Dissolved oxygen supersaturation was attributed to high rates of 
photosynthesis by aquatic vegetation in the reservoir during the day (see discussion of pH monitoring in 
Section 6.2.5.2.1.4.2). 
 
6.2.5.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Holmes Reservoir are described by the dissolved 
oxygen depth-profiles measured near the dam over the 3-year period 2006 through 2008.  Summer depth-
profile dissolved oxygen plots were compiled for the 3 years (Plate 124).  On several occasions there was 
a significant vertical gradient in summer dissolved oxygen levels.  Although Holmes Reservoir appears to 
be polymictic based on thermal stratification, there appears to be enough inhibition to mixing to allow 
hypoxic conditions to develop near the reservoir bottom in the area near the dam. 
 
6.2.5.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Holmes Reservoir with low dissolved oxygen conditions was estimated from the 
longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the NGPC’s current Area-
Capacity Tables (2006 Survey) for the reservoir.  The constructed contour plots were reviewed to identify 
the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour 
plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 25, 2008 
contour plot indicates a pool elevation of 1243.7 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1236.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1235.0 ft-msl (Plate 
123).  The NGPC Area-Capacity Tables give storage capacities of 1,026 ac-ft for elevation 1243.7 ft-msl, 
335 ac-ft for elevation 1236.0 ft-msl, and 266 ac-ft for elevation 1235.0 ft-msl.  On June 25, 2008 it is 
estimated that 33 percent of the volume of Holmes Reservoir was less than the 5 mg/l dissolved oxygen 
criterion for the protection of warmwater aquatic life, and 26 percent of the reservoir volume was 
hypoxic. 
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6.2.5.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Holmes Reservoir indicated hypoxic conditions 
were present during the summers of 2007 and 2008, longitudinal contour and depth-profile plots were 
constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected when 
hypoxia was present were also compared. 
 
6.2.5.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 125 and 126, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated somewhat reduced conditions 
occasionally occurred near the bottom of Holmes Reservoir in both years.   Plate 127 plots depth profiles 
for ORP measured during the summer over the past 3 years in the deep water area of Holmes Reservoir 
near the dam.  ORP values approaching 0 mV occasionally occur near the bottom of Holmes Reservoir 
during the summer.  However, given the polymictic nature of the reservoir these conditions seemingly are 
not long lasting. 
 
6.2.5.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 128 and 129.   Plate 130 plots depth profiles for pH measured during the summer 
over the past 3 years in the deep water area of Holmes Reservoir near the dam.  An appreciable vertical 
gradient in pH regularly occurred in the reservoir during the summer (Plates 128 - 130).  It appears 
occasional reduced conditions in the deeper water of Holmes Reservoir seemingly lead to in lower pH 
levels near the reservoir bottom.  The lowest measured pH levels near the reservoir bottom were above 
the lower pH criterion of 6.5 for the protection of warmwater aquatic life.  A more significant concern 
appears to be high pH levels in “shallow” water areas of the reservoir.  The highest measured pH levels 
were above the upper pH criterion of 9.0 for the protection of warmwater aquatic life.  In July and August 
of 2007 and 2008 most of the volume of Holmes Reservoir exceeded a pH level of 9 (Plates 128 and 129).  
The high pH levels are attributed to high rates of photosynthesis by aquatic vegetation and the associated 
uptake of carbon dioxide in the reservoir during the day.  
 
6.2.5.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Holmes Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site HOLLKND1 during the 3-year period 2006 through 2008.  During the 3-year period a 
total of 15 paired samples were collected monthly from May through September.  Of the 15 paired 
samples collected, seven (47%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For 
the paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (7), 
dissolved oxygen (7), oxidation-reduction potential (7), pH (7), alkalinity (6), total ammonia (6), nitrate-
nitrate nitrogen (6), total phosphorus (6), and orthophosphorus (6) (Plate 131) [Note: the number in 
parentheses is the number of paired observations available for each parameter].  A paired two-tailed t-
test was used to determine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (α = 0.05).  The sampled near-surface and near-bottom conditions were not 
significantly different for nitrate-nitrite nitrogen, total alkalinity, total phosphorus, or ortho-phosphorus.  
Parameters that were significantly lower in the near-bottom water of Holmes Reservoir when hypoxia was 
present included: water temperature (p < 0.01), dissolved oxygen (p < 0.0001), ORP (p < 0.05), and pH (p 



< 0.0001). Parameters that were significantly higher in the near-bottom water included: total ammonia 
(p < 0.05). 

6.2.5.2.1.5 Water Clarity 

6.2.5.2.1.5.1 Secchi Transparency 

Figure 6.26 displays a box plot of the Secchi depth transparencies measured at the four in
resetvoir monit01ing sites (i.e., HOLLKND1, HOLLKMLN1, HOLLKMLS1, and HOLLKUP1) dming 
the 2008. The Secchi depth transparencies measured at all four sites were siinilar (Figure 6.26). The 
Sec chi depth transparencies measmed at Holmes Resetvoir were the highest measmed at any of the Salt 
Creek tributruy resetvoirs. 
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Figure 6.26. Box plot of Secchi depth transparencies measmed in Holmes Reservoir dm'ing 2008. 

6.2.5.2.1.5.2 Tmbidity 
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Tmbidity contom plots were constmcted along the length of Holmes Resetvoir tlu·ough the north 
arm based on depth-profile measmements taken dming 2007 and 2008. Plates 132 and 133, respectively, 
provide longitudinal turbidity contom plots based on depth-profile measurements taken from May 
tlu·ough September. Holmes Resetvoir did not exhibit much longitudinal vruiability in tmbidity. Some 
vett ical vruiability in tmbidity occmTed that may have been attributable to phytoplankton. 

6.2.5.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Holmes Resetvoir were calculated from monitoring data 
collected dming the 3-year period 2006 through 2008 at the near-dam ambient monit01ing site (i.e., 
HOLLKND 1 ). Table 6.17 summatizes the TSI values calculated for the resetvoir. The TSI values 
indicate that the neru·-dam lacustiine area of Holmes Resetvoir is in a euu·ophic to slightly hypereuu·ophic 
condition. 
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6.2.5.2.1.7 Monitoring at Swimming Beaches 

A designated swimming beach is not located on Holmes Reservoir; however, the reservoir is used 
extensively for recreation (e.g., canoeing, kayaking, paddle-boating, wind surfing, etc.). Since these 
recreational uses can lead to direct contact with water, bacteria (i.e., E. coli) and microcystin monitoring 
were conducted by the NDEQ at the reservoir.  During the 3-year period 2006 through 2008, bacteria and 
microcystin samples were collected weekly from May through September.  The samples were collected 
from the reservoir near the marina on the north shore at site HOLLKBACT1 (Figure 6.25). 

 
6.2.5.2.1.7.1 Bacteria Monitoring 
 

Table 6.18 summarizes the results of the E. coli bacteria monitoring.  The “running 5-week” 
geometric means were calculated as running geometric means for five consecutive weekly bacteria 
samples through the recreational season (i.e., May through September).  The “pooled” geomean was 
determined by pooling all the weekly bacteria samples collected during the recreational season over the 5-
year period and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The 
sampling results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

The pooled geomean was compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  Based on 
those criteria a Primary Contact Recreation use in Homes Reservoir is not impaired due to bacteria.  The 
higher bacteria levels monitored in the reservoir are believed to be associated with runoff events. 
 

Table 6.17. Summary of Trophic State Index (TSI) values calculated for Holmes Reservoir for the 3-year period 
2006 through 2008. 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 15 62 65 45 73 
TSI(TP) 15 65 65 55 73 
TSI(Chl) 15 67 72 50 84 
TSI(Avg) 15 65 67 51 77 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 
 

Table 6.18. Summary of weekly (May through September) E. coli bacteria samples collected at Holmes 
Reservoir (i.e., site HOLLKBACT1) during the 3-year period 2005 through 2008. 

E. coli – Individual Samples E. coli – Geomeans (Running 5-Week) 
Number of Samples 58 Number of Geomeans 46 
Mean (cfu/100ml) 112 Average 39 
Median (cfu/100ml) 21 Median 27 
Minimum (cfu/100ml) n.d. Minimum 7 
Maximum (cfu/100ml) 1,733 Maximum 121 
Percent of samples exceeding 235/100ml 14% Percent of Geomeans exceeding 126/100ml 0% 

 E. coli – Geomean (5-Year Pooled) 
3-Year Pooled Geomean 27 
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6.2.5.2.1.7.2 Microcystin Monitoring 
 

Table 6.19 summarizes the microcystin monitoring conducted at site HOLLKBACT1 on Holmes 
Reservoir during the 3-year period 2006 through 2008.  These results were compared to the 20 ug/l 
criterion for issuing health advisories and the posting of swimming beaches.  One sample (2%) exceeded 
the criterion.  The monitored levels of microcystin do not indicate a significant cyanobacteria toxin 
concern at Holmes Reservoir. 
 

6.2.5.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Holmes Reservoir for transparency 
(i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The assessment was 
based on near-surface sampling of water quality conditions in the reservoir during the months of May 
through October at the near-dam monitoring site (i.e., HOLLKND1).  Plate 134 displays a scatter-plot of 
the collected data for the four parameters and a monotonic linear regression lines for the period 1980 
through 2002 and 2006 through 2008.  The data gap of 2002 through 2005 is the period when the lake 
renovation project was implemented at Holmes Reservoir.  The 2006 through 2008 monitoring data 
reflect conditions after implementation of the lake renovation project.  As more “post-project” water 
quality data is collected, analyses for step trend assessment will be pursued to test for water quality 
changes from “pre-project” conditions.  An anecdotal observational review of the “pre-project” and “post-
project” scatter plots suggests that all four parameters improved immediately after the project 
implementation was completed (i.e., Secchi depths increased and total phosphorus, chlorophyll a, and TSI 
decreased).  However, by the end of 2008 it appears that all four parameter, with the possible exception of 
Secchi depth, had returned to near pre-project levels.   
 
6.2.5.2.3 Existing Water Quality Conditions of Runoff Inflows to Holmes Reservoir 
 

Existing water quality conditions in the main tributary inflows to Holmes Reservoir were 
monitored by the NDEQ under runoff conditions, during the period of April through September, at two 
sites HOLNFSTH1 and HOLNFEST1.  Both sites were less than ¼ mile upstream from the reservoir 
(Figure 6.25).  Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in 
stream stage from “base-flow” conditions.  Plates 135 and 136, respectively, summarize water quality 
conditions that were monitored at sites HOLNFSTH1 and HOLNFEST1 under runoff conditions during 
the 5-year period 2004 through 2008.  
 
 

Table 6.19. Summary of weekly (May through September) microcystin samples collected at Holmes Reservoir 
(i.e., site HOLLKBACT1) during the 3-year period 2006 through 2008. 

 
Summary Statistic Site HOLLKBACT1 

Number of Samples 57 
Minimum (ug/l) n.d. 
25th percentile (ug/l) 0.1 
Median (ug/l) 0.7 
75th Percentile (ug/l) 3.7 
Maximum (ug/l) 26 
Percent of samples exceeding 20 ug/l 2% 
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6.2.6 OLIVE CREEK RESERVOIR 
 
6.2.6.1 Background Information 
 
6.2.6.1.1 Project Overview 
 

The dam forming Olive Creek Reservoir is located on a south tributary of Olive Branch of Salt 
Creek.  The dam was completed on September 20, 1963 and the reservoir reached its initial fill on June 
30, 1965. The Olive Creek Reservoir watershed is 8.2 square miles.  The watershed was largely 
agricultural when the dam was built in 1963 and has remained so to the present time. 
 
6.2.6.1.2 Aquatic Habitat Improvement and Water Quality Management Project 
 

A lake renovation project was completed at Olive Creek Reservoir in 2002.  The goal of the 
project was to reduce the quantity of both sediment and nutrients entering the reservoir; to reduce the 
likelihood of winter fish kills (oxygen depletion); to replace the rough fish dominated community with 
largemouth bass, bluegill, channel catfish and walleye; and to increase the quantity and quality of 
shoreline habitat for fish.  Approximately $2 million in Federal, State, and Local funding was spent on the 
lake renovation project. 

 
The lake renovation project consisted of two phases. Phase 1 included excavating approximately 

138,000 cubic yards of sediment from the reservoir basin to construct six jetties, three islands, and two 
offshore breakwaters (see Figure 6.28).  The structures collectively added 4,700 feet of shoreline, a 43 
percent increase to the reservoir.  In addition, shorelines and bays were reshaped and the outlet structure 
was modified to allow for minor water level manipulation, all as a means of enhancing aquatic vegetation.  
Phase 2 was the construction of four sediment basins, two each spanning each of the two main inflowing 
streams (See Figure 6.28).  The basins were created to intercept and slow silt laden runoff following rain 
events, thus allowing some of the sediment load to settle out before the water reached the main reservoir.  
Since these basins were located in the flood pool, they occupied flood storage space which had to be 
mitigated.  This was accomplished by excavating an amount of material from behind the basins equal to 
the amount of space they and their impounded water occupied. The mitigation requirement reduced the 
reservoir basin excavation by a comparable amount. In addition to the work on the reservoir, other 
funding was utilized to help implement BMPs (best management practices) in the Olive Creek Reservoir 
watershed. 
 
6.2.6.1.3 Olive Creek Dam Intake Structure 
 

The dam intake at Olive Creek Dam is a drop inlet structure consisting of a single reinforced 
concrete box shaft.  Its inside dimensions are 4 feet by 6 feet.  The intake structure has four ungated 
openings – two 24” x 72” openings with a crest elevation at 1340.9 ft-msl and two 12” x 30” openings 
with a crest elevation at 1335.0 ft-msl.  A 36” x 36” gated opening with a crest elevation of 1330.0 ft-msl 
was constructed into the upstream wall.  As part of the recent lake renovation project a “stop-log” 
structure was attached to the concrete box shaft over the 36” x 36” gated opening.  The 36” x 36” gate is 
permanently left open and pool levels are managed with the external stop-log structure. The purpose of 
the gate modification is to allow for better management of pool elevations for water quality and fishery 
management.  The gated outlet may also be used to release water for downstream needs. 
 
6.2.6.1.4 Reservoir Storage Zones 
 

Figure 6.27 depicts the current storage zones of Olive Creek Reservoir based on the 1993 survey 
data, results of the recent lake renovation project, and estimated sedimentation.  After accounting for the 



sediment removed from the reservoir basin as part of the recent lake renovation project, it is estimated 
that 16 to 20 percent of the "as-built" volume to the top of the Conservation Pool has been lost to 
sedimentation as of2008. The annual volume loss is estimated to be 0.51 percent. Based on the State of 
Nebraska 's impairment assessment methodology, these values indicate that Olive Creek Reservoir·'s water 
quality dependent uses are not at this time impair·ed due to sedimentation. 
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Figure 6.27. CwTent storage zones of Olive Creek Reservoir based on the 1993 sw-vey data, recently implemented 
lake renovation project, and estimated sedimentation. 

6.2.6.1.5 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Olive Creek Reservoir· since the late 
1970's. Water quality monitoring locations have included sites on the reservoir· and on the inflow and 
outflow of the reservoir·. Figure 6.28 shows the location of the sites that have been monitored for water 
quality during the past 5 years (i.e., 2004 through 2008). The inflow nmoff sites (OCRNFWSTl and 
OCRNFESTl) were sampled by the NDEQ. The other in-reservoir· sites (OCRLKNDl, OCRLKMLl, 
and OCRLKUPl) were sampled by the District. The near-dam location (OCRLKNDl ) has been 
continuously monitored by the Distr·ict since 1980. 
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Figure 6.28. Location of sites where water quality monitoring was conducted at Olive Creek Reservoir during the 
period 2004 through 2008. 
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6.2.6.2 Water Quality in Olive Creek Reservoir 
 
6.2.6.2.1 Existing Water Quality Conditions 
 
6.2.6.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Olive Creek Reservoir at sites OCRLKND1 and 
OCRLKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 137 and 138.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, pH, ammonia, arsenic, selenium, and nutrients. 
 

An appreciable number (>10%) of dissolved oxygen measurements throughout Olive Creek 
Reservoir were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 137 - 138).  
All of the low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have 
been associated with thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision may apply to the low dissolved oxygen situation in Olive Creek Reservoir.  However, 
given the shallow depth of Olive Creek Reservoir, the reservoir rarely exhibits significant thermal 
stratification during the summer (Plates 139 - 141).  Thus, natural thermal stratification may not exclude 
any applicable narrative and numeric water quality standards criteria.  The lower dissolved oxygen levels 
indicate a possible water quality standards non-attainment situation. 
 

A large number (>40%) of pH readings throughout Olive Creek Reservoir were above the 
numeric pH criteria of 9.0 for the protection of warmwater aquatic life (Plates 137 and 138).  The greatest 
pH value measured was 9.9 SU.  The magnitude and number of pH criterion exceedences indicate a 
noteworthy water quality concern.  Based on the State of Nebraska’s impairment assessment criteria, the 
percent exceedence of the upper pH criterion indicates impairment of the Aquatic Life beneficial use of 
Olive Creek Reservoir.  It is believed the high pH values may be associated with periods of high algal 
production and CO2 uptake during photosynthesis. 
 

The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 
exceeded in 21 percent of the 43 samples collected from Olive Creek Reservoir in the area near the dam 
(Plate 137).  Ammonia criteria are pH and temperature dependant, and the criteria cited are based on 
median values that may or may not represent conditions when the higher ammonia occurred.  Based on 
the State of Nebraska’s impairment assessment criteria, the percent exceedence of the chronic ammonia 
criterion may indicate impairment of the Aquatic Life beneficial use of Olive Creek Reservoir.    
 
 The chronic arsenic criterion for the protection of warmwater aquatic life was exceeded in 4 of 
the 5 samples collected from Olive Creek Reservoir in the area near the dam (Plate 137).  Based on the 
State of Nebraska’s impairment assessment methodology, the percent exceedence of the chronic arsenic 
criterion indicates impairment of the Aquatic Life beneficial use of Olive Creek Reservoir. 
 

One of five selenium measurements (20%) exceeded the acute and chronic criteria for the 
protection of aquatic life.  At this time the exceedence is considered to be a possible outlier. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Olive Creek Reservoir (Plates 137 and 138). The total 
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phosphorus, total nitrogen, and chlorophyll a criteria were respectively exceeded by 91, 85, and 50 
percent of the samples collected at site OCRLKND1.  All the samples were collected during the “growing 
season” (i.e., May through September) and the reported mean values represent the growing season 
average for the 5-year period 2004 through 2008.  Based on the State of Nebraska’s impairment 
assessment criteria, the mean values for the three parameters (Plate 137) indicate impairment of the 
Aesthetics beneficial use of Olive Creek Reservoir due to nutrients. 
 
6.2.6.2.1.2 Thermal Stratification 
 
6.2.6.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Olive Creek Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 139 and 140, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites OCRLKND1, OCRLKML1, and 
OCRLKUP1 in 2007 and 2008.  These temperature plots indicate that Olive Creek Reservoir rarely 
exhibited significant thermal stratification during the 2-year period.  The maximum difference monitored 
between the surface and bottom water temperatures during the 2-year period was 4°C in June of 2008 
(Plate 140). 
 
6.2.6.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Olive Creek Reservoir, at the deep water area near the 
dam, measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature plots 
(Plate 141).  The depth-profile temperature plots indicate that the reservoir rarely exhibited significant 
summer thermal stratification over the past 5 years.  Since Olive Creek Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
 
6.2.6.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.6.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Olive Creek Reservoir 
based on depth-profile measurements taken during 2007 and 2008 at sites OCRLKND1, OCRLKML1, 
and OCRLKUP1.  Plates 142 and 143, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on three occasions (July and August 2007 
and June 2008) near the reservoir bottom near the dam (Plates 142 and 143).  Super saturation of 
dissolved oxygen was also monitored in shallow water areas (Plates 142 and 143).  Dissolved oxygen 
supersaturation was attributed to high rates of photosynthesis by aquatic vegetation in the reservoir during 
the day (see discussion of pH monitoring in Section 6.2.6.2.1.4.2). 

 
6.2.6.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Olive Creek Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  
Summer depth-profile dissolved oxygen plots were compiled for the 5 years (Plate 144).  On several 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Although Olive 
Creek Reservoir appears to be polymictic based on thermal stratification, there appears to be enough 
inhibition to mixing to allow hypoxic conditions to occasionally develop near the reservoir bottom. 
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6.2.6.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Olive Creek Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1993 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The 
August 3, 2007 contour plot indicates a pool elevation of 1333.4 ft-msl, a 5 mg/l dissolved oxygen 
isopleth elevation of about 1328.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 
1326.0 ft-msl (Plate 142).  The District’s Area-Capacity Tables give storage capacities of 858 ac-ft for 
elevation 1333.4 ft-msl, 275 ac-ft for elevation 1328.0 ft-msl, and 144 ac-ft for elevation 1326.0 ft-msl.  
On August 3, 2007 it is estimated that 32 percent of the volume of Olive Creek Reservoir was less than 
the 5 mg/l dissolved oxygen criterion for the protection of warmwater aquatic life, and 17 percent of the 
reservoir volume was hypoxic. 
 
6.2.6.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Olive Reservoir indicated hypoxic conditions 
were present during the summers of 2007 and 2008, longitudinal contour and depth-profile plots were 
constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected when 
hypoxia was present were also compared. 
 
6.2.6.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 145 and 146, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated “slightly” reduced conditions occurred 
on one occasion (August 2007) in a small area near the bottom of Olive Creek Reservoir (Plate 145).   
Plate 147 plots depth profiles for ORP measured during the summer over the past 5 years in the deep 
water area of Olive Creek Reservoir near the dam.  The ORP depth profiles indicate that appreciable 
reduced conditions rarely occur in Olive Creek Reservoir during the summer. 
 
6.2.6.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 148 and 149.   Plate 150 plots depth profiles for pH measured during the summer 
over the past 5 years in the deep water area of Olive Creek Reservoir near the dam.  High pH levels 
regularly occurred in the reservoir during the summer (Plates 148 - 150).  The highest measured pH levels 
were above the upper pH criterion of 9.0 for the protection of warmwater aquatic life.  In September 2007 
and July, August, and September 2008 all the volume of Olive Creek Reservoir seemingly exceeded a pH 
level of 9 (Plates 148 and 149).  The high pH levels are attributed to high rates of photosynthesis by 
aquatic vegetation and the associated uptake of carbon dioxide in the reservoir during the day.  
 
6.2.6.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Olive Creek Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site OCRLKND1 during the 5-year period 2004 through 2008.  During the 5-year period a 
total of 25 paired samples were collected monthly from May through September.  Of the 25 paired 
samples collected, six (24%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 



paired samples with hypoxic near-bottom conditions, box plots were constmcted to display the 
distribution of measured water quality conditions for the following parameters: water temperature (6), 
dissolved oxygen (6), oxidation-reduction potential (6), pH (6), alkalinity (5), total ammonia (5), nitrate
nitrate nitrogen (5), total phosphoms (5), and orthophosphoms (5) (Plate 151) [Note: the number in 
parentheses is the number of paired observations available for each parameter]. A paired two-tailed t
test was used to dete1mine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (a = 0.05). The sampled near-surface and near-bottom conditions were not 
significantly different for water temperature, oxidation-reduction potential, total ammonia, nitrate-nitrite 
nitrogen, total alkalinity, total phosphoms, or 01t ho-phosphoms. Parameters that were significantly lower 
in the near-bottom water of Olive Creek Rese1voir when hypoxia was present included: dissolved oxygen 
(p < 0.01) and pH (p < 0.01). 

6.2.6.2.1.5 Water Clarity 

6.2.6.2.1.5.1 Secchi Transparency 

Figure 6.29 displays a box plot of the Secchi depth transparencies measured at the three in
reseivoir monitoring sites (i.e., OCRLKND1, OCRLKMLl, and OCRLKUP1) during 2008 (note: the 
monitoring sites are oriented in an upstream to downstream direction). The Secchi depth transparencies 
measured in Olive Creek Rese1voir were similar at all three sites (Figure 6.29). 
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Figure 6.29. Box plot of Secchi depth transparencies measured in Olive Creek Reservoir during 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.6.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of Olive Creek Rese1voir based on 
depth-profile measurements taken during 2007 and 2008. Plates 152 and 153, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September. Olive Creek Rese1voir commonly exhibited longitudinal and depth variability in turbidity. 

6.2.6.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Olive Creek Rese1voir were calculated from monito1ing data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monito1ing site (i.e., 
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OCRLKND1).  Table 6.20 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Olive Creek Reservoir is in a hypereutrophic condition. 

 

 
 
6.2.6.2.2  Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Olive Creek Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., OCRLKND1).  Plate 154 displays a 
scatter-plot of the collected data for the four parameters and a monotonic linear regression lines for the 
periods 1980 through 1998 and 2003 through 2008.  The data gap of 1999 through 2002 is the period 
when the lake renovation project was implemented at Olive Creek Reservoir.  When several years of post-
project data has been collected, analyses for step trend assessment will be pursued to test for water quality 
changes from “pre-project” conditions.   
 
6.2.6.2.3 Existing Water Quality Conditions of Runoff Inflows to Olive Creek Reservoir 
 

Existing water quality conditions in the main tributary inflows to Olive Creek Reservoir were 
monitored by the NDEQ under runoff conditions, during the period of April through September, at two 
sites OCRNFWST1 and OCRNFEST1 (Figure 6.28).  Both sites were about ½ mile upstream from the 
reservoir.  Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in 
stream stage from “base-flow” conditions.  Plates 155 and 156, respectively, summarize water quality 
conditions that were monitored at sites OCRNFWST1 and OCRNFEST1 under runoff conditions during 
the 5-year period 2004 through 2008. 

 
6.2.7 PAWNEE RESERVOIR 
 
6.2.7.1 Background Information 
 
6.2.7.1.1 Project Overview 
 

The dam forming Pawnee Reservoir is located on North Middle Creek.  The dam was completed 
on July 16, 1964 and the reservoir reached its initial fill on June 21, 1967.  The Pawnee Reservoir 
watershed is 35.9 square miles.  The watershed was largely agricultural when the dam was built in 1964 
and has remained so to the present time. 
 

Table 6.20. Summary of Trophic State Index (TSI) values calculated for Olive Creek Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 24 72 73 51 83 
TSI(TP) 25 72 70 55 85 
TSI(Chl) 19 65 66 40 87 
TSI(Avg) 25 69 70 57 81 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 



6.2.7.1.2 Pawnee Dam Intake Structure 

The Pawnee Dam intake stmcture is a single reinforced concrete box shaft commonly called a 
drop inlet stmcture. Its inside dimensions are 5 feet by 10 feet. The intake stmcture has two ungated 
openings, each 34" x 120" with crest elevations at 1244.3 ft-msl. A 42" x 60" gated opening was 
constmcted into the upstream wall of the inlet stmcture at a crest elevation of 1236.0 ft-msl. The purpose 
of the gated opening is to lower the level of the conservation pool in order to inspect the conduit, make 
shoreline repairs, and manage fish populations. 

6.2.7.1.3 Reservoir Storage Zones 

Figure 6.30 depicts the cun ent storage zones of Pawnee Reservoir based on the 1991 smvey data 
and estimated sedimentation. It is estimated that 23 percent of the "as-built" volume to the top of the 
Conservation Pool has been lost to sedimentation as of 2008. The annual volume loss is estimated to be 
0.53 percent. Based on the State of Nebraska's impairment assessment criteria, these values indicate that 
Pawnee Reservoir's water quality dependent uses are not impaired due to sedimentation at this time. 
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Figure 6.30. CwTent storage zones of Pawnee Reservoir based on the 1991 survey data and estimated 
sedimentation. 

6.2.7.1.4 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Pawnee Reservoir since the late 1970's. 
Water quality monitoring locations have included sites on the reservoir and on the inflow and outflow of 
the reservoir. Figure 6.31 shows the location of the sites that have been monitored for water quality 
during the 5-year period 2004 through 2008. The inflow nmoff site (PAWNFI) and bacteria sites 
(PAWLKBACTI and PAWLKBACT2) were sampled by the NDEQ. The other in-reservoir sites 
(P A WLKND 1, P A WLKMLI, and P A WLKUPI) were sampled by the District. The near-dam location 
(PAWLKNDI) has been continuously monitored by the District since 1980. 
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Figure 6.31. Location of sites where water quality monitoring was conducted at Pawnee Reservoir during the period 2004 through 2008. 
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6.2.7.2 Water Quality in Pawnee Reservoir 
 
6.2.7.2.1 Existing Water Quality Conditions  
 
6.2.7.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Pawnee Reservoir at sites PAWLKND1 and 
PAWLKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 157 and 158.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, pH, ammonia, arsenic, selenium, and nutrients. 

 
An appreciable number (>10%) of dissolved oxygen measurements in Pawnee Reservoir were 

below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 157 and 158).  Most of the 
low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have been 
associated with a slight thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in Pawnee Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l may not be a water quality standards non-attainment 
situation. 
 

An appreciable number (>10%) of pH readings throughout Pawnee Reservoir were above the 
numeric pH criteria of 9.0 for the protection of warmwater aquatic life (Plates 157 and 158).  The greatest 
pH value measured was 9.6 SU.  Based on the State of Nebraska’s impairment assessment criteria, the 
percent exceedence of the upper pH criterion indicates impairment of the Aquatic Life beneficial use of 
Pawnee Reservoir.  It is noted that all of the high pH readings occurred when super-saturation of 
dissolved oxygen was monitored in the reservoir.  It is believed the high pH values are associated with 
periods of high algal production and CO2 uptake during photosynthesis. 
 

The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 
exceeded in 24 percent of the 50 samples collected from Pawnee Reservoir in the area near the dam (Plate 
157).  Ammonia criteria are pH and temperature dependant, and the criteria cited are based on median 
values that may or may not represent conditions when the higher ammonia occurred.  Based on the State 
of Nebraska’s impairment assessment criteria, the percent exceedence of the chronic ammonia criterion 
may indicate impairment of the Aquatic Life beneficial use of Pawnee Reservoir.  However, the high 
ammonia levels tended to be associated with hypoxic near-bottom conditions (see Plate 171) and may be 
excluded from the numeric ammonia criteria due to the provision for natural thermal stratification.   
 
 The chronic arsenic criterion for the protection of warmwater aquatic life was exceeded in 2 of 
the 5 samples collected from Pawnee Reservoir in the area near the dam (Plate 157).  Based on the State 
of Nebraska’s impairment assessment criteria, the percent exceedence of the chronic arsenic criterion 
does not indicate impairment of the Aquatic Life beneficial use of Pawnee Reservoir.  However, it is a 
potential water quality concern. 
 

One of five selenium measurements (20%) exceeded the chronic criterion for the protection of 
aquatic life.  At this time the exceedence is considered to be a possible outlier. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
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these criteria were exceeded throughout Pawnee Reservoir (Plates 157 and 158).  The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 60, 67, and 48 percent of the 
samples collected at site PAWLKND1.  All the samples were collected during the “growing season” (i.e., 
May through September) and the reported mean values represent the growing season average for the 5-
year period 2004 through 2008.  Based on the State of Nebraska’s impairment assessment criteria, the 
mean values for the three parameters (Plate 157) indicate impairment of the Aesthetics beneficial use of 
Pawnee Reservoir due to nutrients. 

 
6.2.7.2.1.2 Thermal Stratification 
 
6.2.7.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Pawnee Reservoir measured during 2007 and 2008 
are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 159 and 160, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites PAWLKND1, PAWLKML1, and 
PAWLKUP1 in 2007 and 2008.  These temperature plots indicate that Pawnee Reservoir rarely exhibited 
significant thermal stratification during the 2-year period.  The maximum difference monitored between 
the surface and bottom water temperatures during the 2-year period was 3°C in July of 2008 (Plate 160). 

 
6.2.7.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Pawnee Reservoir, at the deep water area near the dam, 
measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature plots (Plate 
161).  The depth-profile temperature plots indicate that the reservoir rarely exhibited significant summer 
thermal stratification over the past 5 years.  Since Pawnee Reservoir ices over in the winter and seemingly 
exhibits periodic circulation during the summer, it appears to fit the definition of a cold polymictic lake 
(Wetzel, 2001). 

 
6.2.7.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.7.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Pawnee Reservoir based on 
depth-profile measurements taken during 2007 and 2008 at sites PAWLKND1, PAWLKML1, and 
PAWLKUP1.  Plates 162 and 163, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on two occasions (June and July 2008) near 
the reservoir bottom near the dam (Plate 163).  Super-saturation of dissolved oxygen was also monitored 
in shallow water areas (Plates 162 and 163).  Dissolved oxygen supersaturation was attributed to high 
rates of photosynthesis by aquatic vegetation in the reservoir during the day (see discussion of pH 
monitoring in Section 6.2.7.2.1.4.2). 
 
6.2.7.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Pawnee Reservoir are described by the dissolved 
oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  Summer depth-
profile dissolved oxygen plots were compiled and plotted for the 5 years (Plate 164).  On several 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Although Pawnee 
Reservoir appears to be polymictic based on thermal stratification, there appears to be enough inhibition 
to mixing to allow hypoxic conditions to occasionally develop near the reservoir bottom. 
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6.2.7.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Pawnee Reservoir with low dissolved oxygen conditions was estimated from the 
longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1991 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 
24, 2008 contour plot indicates a pool elevation of 1244.8 ft-msl, a 5 mg/l dissolved oxygen isopleth 
elevation of about 1233.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1230.0 ft-
msl (Plate 163).  The District’s Area-Capacity Tables give storage capacities of 7,866 ac-ft for elevation 
1244.8 ft-msl, 1,760 ac-ft for elevation 1233.0 ft-msl, and 952 ac-ft for elevation 1230.0 ft-msl.  On June 
24, 2008 it is estimated that 22 percent of the volume of Pawnee Reservoir was less than the 5 mg/l 
dissolved oxygen criterion for the protection of warmwater aquatic life, and 12 percent of the reservoir 
volume was hypoxic. 
 
6.2.7.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Pawnee Reservoir indicated hypoxic conditions 
were present during the summer of 2008, longitudinal contour and depth-profile plots were constructed 
for ORP and pH.  Near-surface and near-bottom water quality samples collected when hypoxia was 
present were also compared. 
 
6.2.7.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 165 and 166, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated “slightly” reduced conditions occurred 
near the reservoir bottom on the two occasions when hypoxic conditions were monitored (June 24 and 
July 23, 2008) (Plate 146).   Plate 167 plots depth profiles for ORP measured during the summer over the 
past 5 years in the deep water area of Pawnee Reservoir near the dam.  The ORP depth profiles indicate 
that appreciable reduced conditions rarely occur in Pawnee Reservoir during the summer. 
 
6.2.7.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 168 and 169.   Plate 170 plots depth profiles for pH measured during the summer 
over the past 5 years in the deep water area of Pawnee Reservoir near the dam.  An appreciable vertical 
gradient in pH occasionally occurred in the reservoir during the summer (Plates 168 - 170).  It appears 
occasional reduced conditions in the deeper water of Pawnee Reservoir seemingly lead to in lower pH 
levels near the reservoir bottom.  The lowest measured pH levels near the reservoir bottom were above 
the lower pH criterion of 6.5 for the protection of warmwater aquatic life.  A significant concern may be 
occasional high pH levels in “shallow” water areas of the reservoir.  On September 4, 2007 monitoring 
indicated the entire volume of Pawnee Reservoir had a pH level above the upper pH criterion of 9.0 for 
the protection of warmwater aquatic life (Plate 168).  It is noted that all of the high pH readings occurred 
when super-saturation of dissolved oxygen was monitored in the reservoir.  It is believed the high pH 
values are associated with periods of high algal production and CO2 uptake during photosynthesis. 
 
6.2.7.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Pawnee Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 



by samples collected within 1-meter of the rese1voir bottom. The compared samples were collected at 
the near-dam site PA WLKND1 during the 5-year pe1iod 2004 through 2008. Dming the 5-year pe1iod a 
total of 25 paired samples were collected monthly from May through September. Of the 25 paired 
samples collected, 5 (20%) had near-bottom samples with less than 2.5 mg/1 dissolved oxygen. For the 
paired samples with hypoxic near-bottom conditions, box plots were constmcted to display the 
distribution of measured water quality conditions for the following parameters: water temperature, 
dissolved oxygen, oxidation-reduction potential, pH, alkalinity, total anunonia, nitrate-nitrate nitrogen, 
total phosphoms, and Oithophosphoms (Plate 171) [Note: all parameters had five paired observations]. 
A paired two-tailed t-test was used to detennine if the sampled near-smface and near-bottom conditions 
for the paired samples were significantly different (a = 0.05). The sampled near-surface and near-bottom 
conditions were not significantly different for oxidation-reduction potential, total anunonia, nitrate-nitrite 
nitrogen, total alkalinity, total phosphoms, or 01tho-phosphoms. Parameters that were significantly lower 
in the near-bottom water of Pawnee Rese1voir when hypoxia was present included: water temperature (p 
< 0.05), dissolved oxygen (p < 0.01) and pH (p < 0.01). 

6. 2. 7. 2.1. 5 Water Clarity 

6.2.7.2.1.5.1 Secchi Transparency 

Figure 6.32 displays a box plot of the Secchi depth transparencies measured at the three in
reseivoir monit01ing sites (i.e., PA WLKND1, PA WLKMLl , and PA WLKUP1) dming 2008 (note: the 
monitoring sites are oriented in an upstream to downstream direction). The Secchi depth transparencies 
measured in the upper reaches of Pawnee Rese1voir (i.e., site PA WLKUP1) were significantly lower than 
those measured in the Iniddle and near-dam areas of the rese1voir (Figure 6.32). The Secchi depths 
measured near the dam were higher, but not significantly (Figure 6.32). 
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Figure 6.32. Box plot of Secchi depth transparencies measmed in Pawnee Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.7.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of Pawnee Rese1voir based on depth
profile measurements taken during 2007 and 2008. Plates 172 and 173, respectively, provide longitudinal 
turbidity contour plots based on depth-profile measurements taken from May through September. Pawnee 
Rese1voir conunonly exhibited longitudinal and depth vruiation in turbidity. 
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6.2.7.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Pawnee Reservoir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
PAWLKND1).  Table 6.21 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Pawnee Reservoir is in a hypereutrophic condition. 

 

6.2.7.2.1.7  Monitoring at Swimming Beaches 
 
Two designated swimming beaches are located on Pawnee Reservoir.  Bacteria (i.e., E. coli) and 

the cyanobacteria toxin microcystin were monitored at the two swimming beaches (i.e., sites 
PAWLKBACT1 and PAWLKBACT2) by the NDEQ during the past 5 years.  Bacteria was monitored 
from May through September over the 5-year period 2004 through 2008, and microcystin was monitored 
from May through September during the 4-year period 2005 through 2008. 
 
6.2.7.2.1.7.1 Bacteria Monitoring 
 

Table 6.22 summarizes the results of the bacteria sampling.  The “running 5-week” geometric 
means were calculated as running geometric means for five consecutive weekly bacteria samples through 
the recreational season (i.e., May through September).  The “pooled” geomean was determined by 
pooling all the weekly bacteria samples collected during the recreational season over the 5-year period 
and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The sampling 
results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

The pooled geomeans were compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  Based on 
those criteria a Primary Contact Recreation use in Pawnee Reservoir is not impaired due to bacteria.  The 
higher bacteria levels monitored in the reservoir are believed to be associated with runoff events. 

Table 6.21. Summary of Trophic State Index (TSI) values calculated for Pawnee Reservoir for the 5-year period 
2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 24 64 66 47 75 
TSI(TP) 25 68 68 55 78 
TSI(Chl) 23 66 67 40 86 
TSI(Avg) 25 66 69 53 78 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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6.2.7.2.1.7.2 Microcystin Monitoring 
 

Table 6.23 summarizes the microcystin monitoring conducted at the Pawnee Reservoir swimming 
beaches during the 4-year period 2005 through 2008.  These results were compared to the 20 ug/l 
criterion for issuing health advisories and the posting of swimming beaches.  Thirty percent of the 
samples collected in Pawnee Reservoir exceeded the criterion for microcystin.  The monitored levels of 
microcystin indicate a significant cyanobacteria toxin concern at Pawnee Reservoir.  Based on the State 
of Nebraska’s impairment assessment criteria, the monitored levels of microcystin indicate impairment of 
the Aesthetics beneficial use of Pawnee Reservoir due to nutrients. 

 
 
6.2.7.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Pawnee Reservoir for transparency 
(i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The assessment was 

Table 6.22. Summary of weekly (May through September) bacteria samples collected at Pawnee Reservoir (i.e., 
sites PAWLKBACT1 and PAWLKBACT2) during the 5-year period 2004 through 2008. 

West Swimming Beach Site: PAWLKBACT1 
E. coli  Bacteria – Individual Samples E. coli  Bacteria – Geomeans 

Number of Samples 79 Number of Geomeans 63 
Mean (cfu/100ml) 73 Average 27 
Median (cfu/100ml) 19 Median 19 
Minimum (cfu/100ml) 1 Minimum 2 
Maximum (cfu/100ml) 1,120 Maximum 118 
Percent of samples exceeding 235/100ml 6% Number of Geomeans exceeding 126/100ml 0% 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 19 

East Swimming Beach Site: PAWLKBACT2 
E. coli  Bacteria – Individual Samples E. coli  Bacteria – Geomeans 

Number of Samples 101 Number of Geomeans 83 
Mean (cfu/100ml) 311 Average 38 
Median (cfu/100ml) 13 Median 14 
Minimum (cfu/100ml) 1 Minimum 1 
Maximum (cfu/100ml) 19,863 Maximum 354 
Percent of samples exceeding 235/100ml 11% Number of Geomeans exceeding 126/100ml 7% 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 17 

Table 6.23. Summary of weekly (May through September) microcystin samples collected at Pawnee Reservoir 
(i.e., sites PAWLKBACT1 and PAWLKBACT2) during the 4-year period 2005 through 2008. 

 
Summary Statistic 

West Swimming Beach 
(Site PAWLKBACT1) 

East Swimming Beach 
(Site PAWLKBACT2) 

Number of Samples 82 86 
Minimum (ug/l) 0.01 0.01 
25th percentile (ug/l) 1.05 0.92 
Median (ug/l) 5.53 5.82 
75th Percentile (ug/l) 21.67 20.70 
Maximum (ug/l) >55 >55 
Percent of samples exceeding 20 ug/l 30% 29% 
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based on near-surface sampling of water quality conditions in the reservoir during the months of May 
through October at the near-dam monitoring site (i.e., PAWLKND1).  Plate 174 displays a scatter-plot of 
the collected data for the four parameters and a linear regression line.  For the assessment period, Pawnee 
Reservoir exhibited increasing trends in transparency, total phosphorus, and chlorophyll a levels (Plate 
174).  Over the 29-year period since 1980, Pawnee Reservoir has remained in a slightly hypereutrophic 
condition (Plate 174).   
 
6.2.7.2.3 Existing Water Quality Conditions of Runoff Inflows to Pawnee Reservoir 
 

Existing water quality conditions in the main tributary inflow to Pawnee Reservoir was monitored 
at site PAWNF1 by the NDEQ under runoff conditions during the period of April through September 
(Figure 6.31).  Site PAWNF1 was approximately 1 mile upstream from the reservoir.  Runoff conditions 
were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from “base-flow” 
conditions.  Plate 175 summarizes water quality conditions that were monitored at site PAWNF1 under 
runoff conditions during the 5-year period 2004 through 2008. 

 
6.2.8 STAGECOACH RESERVOIR 
 
6.2.8.1 Background Information 
 
6.2.8.1.1 Project Overview 
 

The dam forming Stagecoach Reservoir is located on a tributary of the Hickman Branch.  The 
dam was completed on August 27, 1963 and the reservoir reached its initial fill in May 1965.  The 
Stagecoach Reservoir watershed is 9.7 square miles.  The watershed was largely agricultural when the 
dam was built in 1963 and has remained so to the present time. 

 
6.2.8.1.2 Stagecoach Dam Intake Structure 
 

The dam intake at Stagecoach Dam is a drop inlet structure consisting of a single reinforced 
concrete box shaft.  Its inside dimensions are 4 feet by 6 feet.  The intake structure has four ungated 
openings – two 24” x 72” openings with a crest elevation at 1277.1 ft-msl and two 12” x 30” openings 
with a crest elevation at 1271.1.  A 36” x 36” gated opening with a crest elevation of 1261.0 ft-msl was 
constructed into the upstream wall.  The purpose of the gated opening is to lower the level of the 
conservation pool in order to inspect the conduit, make shoreline repairs, and manage fish populations.  It 
may also be used to release water for downstream needs.   
 
6.2.8.1.3 Reservoir Storage Zones 
 

Figure 6.33 depicts the current storage zones of Stagecoach Reservoir based on the 1990 survey 
data and estimated sedimentation.  It is estimated that 23 to 30 percent of the “as-built” volume to the top 
of the Conservation Pool has been lost to sedimentation as of 2008.  The annual volume loss is estimated 
to be 0.50 to 0.67 percent.  Based on the State of Nebraska’s impairment assessment methodology, these 
values indicate that Stagecoach Reservoir’s water quality dependent uses are possibly impaired due to 
sedimentation. 
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Figure 6.33. CwTent storage zones of Stagecoach Reservoir based on the 1990 smvey data and estimated 
sedimentation. 

6.2.8.1.4 Ambient Water Quality Monitoring 

The Dist.Iict has monitored water quality conditions at Stagecoach Rese1voir since the late 1970's. 
Water quality monito1ing locations have included sites on the reservoir and on the inflow and outflow of 
the rese1voir. Figure 6.34 shows the location of the sites that have been monitored for water quality 
during the past 5 years (i.e., 2004 through 2008). The inflow nmoff site (STGNFl) was sampled by the 
NDEQ. The other in-rese1voir sites (STGLKNDl , STGLKMLl, and STGLKUPl) were sampled by the 
Disu·ict. The near-dam location (STGLKNDl) has been continuously monitored by the District since 
1980. 

6.2.8.2 Water Qualitv in Stagecoach Reservoir 

6.2.8.2.1 Existing Water Quality Conditions 

6.2.8.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Stagecoach Rese1voir at sites STGLKNDl and 
STGLKMLl from May through September dming the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 176 and 177. A review of these results indicated possible water quality concems 
regru·ding dissolved oxygen, au·azine, and nutrients. 
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Figure 6.34. Location of sites where water quality monitoring was conducted at Stagecoach Reservoir dmmg the 
period 2004 through 2008. 
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An appreciable number (>20%) of dissolved oxygen measurements throughout Stagecoach 
Reservoir were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 176 and 
177).  Most of the low dissolved oxygen measurements occurred near the bottom of the reservoir, and 
may have been associated with a slight thermal stratification.  Nebraska’s Water Quality Standards makes 
the following provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision possibly applies to the low dissolved oxygen situation in Stagecoach Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l may not be a water quality standards non-attainment 
situation. 
 

The chronic atrazine criterion for the protection of warmwater aquatic life was exceeded in 1 of 
25 samples collected from Stagecoach Reservoir in the area near the dam (Plate 176).  It is not considered 
a significant water quality concern at this time. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Stagecoach Reservoir (Plates 176 and 177).  The total 
phosphorus, total nitrogen, and chlorophyll a criteria were respectively exceeded by 60, 56, and 29 
percent of the samples collected at site STGLKND1.  All the samples were collected during the “growing 
season” (i.e., May through September) and the reported mean values represent the growing season 
average for the 5-year period 2004 through 2008.  Based on the State of Nebraska’s impairment 
assessment criteria, the mean values for the three parameters (Plate 176) indicate impairment of the 
Aesthetics beneficial use of Stagecoach Reservoir due to nutrients. 
 
6.2.8.2.1.2 Thermal Stratification 
 
6.2.8.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Stagecoach Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 178 and 179, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites STGLKND1, STGLKML1, and 
STGLKUP1 in 2007 and 2008.  These temperature plots indicate that Stagecoach Reservoir rarely 
exhibited significant thermal stratification during the 2-year period.  The maximum difference monitored 
between the surface and bottom water temperatures during the 2-year period was 3°C in June of 2008 
(Plate 179). 
 
6.2.8.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Stagecoach Reservoir, at the deep water area near the 
dam, measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature plots 
(Plate 180).  The depth-profile temperature plots indicate that the reservoir rarely exhibited significant 
summer thermal stratification over the past 5 years.  Since Stagecoach Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
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6.2.8.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.8.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Stagecoach Reservoir based 
on depth-profile measurements taken during 2007 and 2008 at sites STGLKND1, STGLKML1, and 
STGLKUP1.  Plates 181 and 182, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on three occasions (August 2007, June 
2008, and July 2008) in a small area near the reservoir bottom (Plates 181 and 182). 
 
6.2.8.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Stagecoach Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  
Summer depth-profile dissolved oxygen plots were compiled for the 5 years (Plate 183).  On several 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Although 
Stagecoach Reservoir appears to be polymictic based on thermal stratification, there appears to be enough 
inhibition to mixing to allow hypoxic conditions to occasionally develop near the reservoir bottom. 
 
6.2.8.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Stagecoach Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1990 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths. 

 
The August 3, 2007 contour plot indicates a pool elevation of 1270.5 ft-msl, a 5 mg/l dissolved 

oxygen isopleth elevation of about 1264.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of 
about 1260.5 ft-msl (Plate 181).  The District’s Area-Capacity Tables give storage capacities of 1,336 ac-
ft for elevation 1270.5 ft-msl, 397 ac-ft for elevation 1264.0 ft-msl, and 128 ac-ft for elevation 1260.5 ft-
msl.  On August 3, 2007 it is estimated that 30 percent of the volume of Stagecoach Reservoir was less 
than the 5 mg/l dissolved oxygen criterion for the protection of warmwater aquatic life, and 10 percent of 
the reservoir volume was hypoxic. 

 
The July 25, 2008 contour plot indicates a pool elevation of 1274.1 ft-msl, a 5 mg/l dissolved 

oxygen isopleth elevation greater than 1274.1 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation 
of about 1260.0 ft-msl (Plate 182).  The District’s Area-Capacity Tables give storage capacities of 2,089 
ac-ft for elevation 1274.1 ft-msl and 100 ac-ft for elevation 1260.0 ft-msl.  On July 25, 2008 it is 
estimated that 100 percent of the volume of Stagecoach Reservoir was less than the 5 mg/l dissolved 
oxygen criterion for the protection of warmwater aquatic life, and 5 percent of the reservoir volume was 
hypoxic. 
 
6.2.8.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Stagecoach Reservoir indicated limited hypoxic 
conditions were present during the summers of 2007 and 2008, only depth-profile plots were constructed 
for ORP and pH.  Construction of longitudinal contour plots for ORP and pH and comparison of near-
surface and near-bottom water quality samples were not done. 
 



6.2.8.2.1.4.1 Oxidation-Reduction Potential 

Plate 184 plots depth profiles for ORP measured dming the summer over the 5-year period of 
2004 through 2008 in the deep water area of Stagecoach Reservoir near the dam. The depth profiles 
indicate very little depth variability in ORP levels during the summer over the 5-year period. 

6.2.8.2.1.4.2 lili 

Plate 185 plots depth profiles for pH measured dming the summer over the 5-year period of2004 
through 2008 in the deep water area of Stagecoach Reservoir near the dam. The depth profiles indicate 
that pH levels, on some occasions, varied by up to 1.0 S.U. from the surface to the bottom of Stagecoach 
Reservoir. 

6.2.8.2.1.5 Water Clarity 

6.2.8.2.1.5.1 Secchi Transpar·ency 

Figure 6.35 displays a box plot of the Secchi depth transpar·encies measured at the three in
reservoir monitoring sites (i.e., STGLKND1, STGLKMLl , and STGLKUP1) during 2008 (note: the 
monitoring sites ar·e oriented in an upstream to downstream direction). The Secchi depth transpar·encies 
measured at the three sites were similar· (Figure 6.35). 
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Figure 6.35. Box plot of Secchi depth transparencies measmed in Stagecoach Reservoir during the 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.8.2.1.5.2 Turbidity 

Turbidity contour plots were constructed along the length of Stagecoach Reservoir based on 
depth-profile measurements taken during 2007 and 2008. Plates 186 and 187, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September. Stagecoach Reservoir commonly exhibited significant longitudinal and depth variability in 
turbidity. 
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6.2.8.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Stagecoach Reservoir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
STGLKND1).  Table 6.24 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Stagecoach Reservoir is in a hypereutrophic condition. 

 

 
6.2.8.2.2 Water Quality Trends (1980 through 2006) 
 

Water quality trends from 1980 to 2008 were determined for Stagecoach Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., STGLKND1).  Plate 188 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, Stagecoach Reservoir exhibited slightly decreasing trends in transparency and chlorophyll a, and 
an increasing trend in total phosphorus levels (Plate 188).  Over the 29-year period since 1980, 
Stagecoach Reservoir has remained in a hypereutrophic condition (Plate 188).   
 
6.2.8.2.3 Existing Water Quality Conditions of Runoff Inflows to Stagecoach Reservoir 
 

Existing water quality conditions in the south tributary inflow to Stagecoach Reservoir was 
monitored at site STGNF1 by the NDEQ under runoff conditions during the period of April through 
September (Figure 6.34).  Site STGNF1 was approximately 1 mile upstream from the reservoir.  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plate 189 summarizes water quality conditions that were monitored at site 
STGNFSTH1 under runoff conditions during the 5-year period 2004 through 2008. 
 
6.2.9 TWIN LAKES RESERVOIR (EAST AND WEST TWIN RESERVOIRS) 
 
6.2.9.1 Background Information 
 
6.2.9.1.1 Project Overview 
 

The dam forming Twin Lakes Reservoir is located on Middle Creek.  The dam was completed on 
September 26, 1965 and the reservoir reached its initial fill on March 18, 1969.  Twin Lakes Reservoir is 
composed of and east and west arm.  The two arms of the reservoir basins are connected by a channel.  

Table 6.24. Summary of Trophic State Index (TSI) values calculated for Stagecoach Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 79 76 64 103 
TSI(TP) 25 69 69 61 82 
TSI(Chl) 25 61 61 40 76 
TSI(Avg) 25 70 70 61 79 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 
 



The purpose of the connecting channel is to interconnect the rese1voirs of the two embankments so they 
operate as a single rese1voir with one outlet works and one spillway at the east embankment. Under 
lower pool levels, the two aims are refened to as the separate East and West Twin Rese1voirs (see Figure 
6.37). The Twin Lakes Rese1voir watershed is 11.0 square miles. The watershed was largely ag~icultural 
when the dam was built in 1965 and has remained so to the present time. 

6.2.9.1.2 Twin Lakes Dam Intake Structure 

The dam intake at Twin Lakes is a drop inlet stmcture consisting of a single reinforced concrete 
box shaft. Its inside dimensions are 42 inches by 63 inches. The intake stmcture has two 24" x 63" 
ungated openings with a crest elevation at 1341.0 ft-msl. A 42" x 54" gated opening with a crest 
elevation of 1333.0 ft-msl was constmcted into the upstream wall. The pmpose of the gated opening is to 
lower the level of the conse1vation pool in order to inspect the conduit, make shoreline repairs, and 
manage fish populations. It may also be used to release water for downstream needs. 

6.2.9.1.3 Reservoir Storage Zones 

Figure 6.36 depicts the cmTent storage zones of Twin Lakes Rese1voir based on the 1994 smvey 
data and estimated sedimentation. It is estimated that 23 to 34 percent of the "as-built" volume to the top 
of the Conse1vation Pool has been lost to sedimentation as of 2008. The annual volume loss is estimated 
to be 0.54 to 0.80 percent. Based on the State ofNebraska 's impairment assessment methodology, these 
values indicate that Twin Lakes Rese1voir's water quality dependent uses are possibly impaired due to 
sedimentation. 
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Figure 6.36. CwTent storage zones of Twin Lakes Reservoir based on the 1994 smvey data and estimated 
sedimentation. 
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6.2.9.1.4 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Twin Lakes Reservoir since the late 
1970’s.  Water quality monitoring locations have included sites on the reservoir and on the inflow and 
outflow of the reservoir.  Figure 6.37 shows the location of the sites that have been monitored for water 
quality during the past 5 years (i.e., 2004 through 2008).  The inflow runoff sites (ETNNF1 and 
WTNNF1) were sampled by the NDEQ.  The other in-reservoir sites (ETNLKND1, ETNNF1, 
ETNLKUP1, and WTNLKND1) were sampled by the District.  The near-dam locations (ETNLKD1 and 
WTNLKND1) have been monitored since 1980; however, site WTNLKND1 was not monitored during 
the period 2006 through 2008 due to low water conditions. 
 
6.2.9.2 Water Quality in East Twin Reservoir 
 
6.2.9.2.1 Existing Water Quality Conditions  
 
6.2.9.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in East Twin Reservoir at sites ETNLKND1 and 
ETNLKML1 from May through September during the 5-year period 2004 through 2008 are summarized, 
respectively, in Plates 190 and 191.  A review of these results indicated possible water quality concerns 
regarding dissolved oxygen, selenium, and nutrients. 
 

An appreciable number (>10%) of dissolved oxygen measurements taken in East Twin Reservoir 
were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plates 190 and 191).  Most 
of the low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have been 
associated with a slight thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision seemingly applies to the low dissolved oxygen situation in East Twin Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l may not be a water quality standards non-attainment 
situation. 
 

One of five selenium measurements (20%) exceeded the chronic criterion for the protection of 
aquatic life.  At this time the exceedence is considered to be a possible outlier. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout East Twin Reservoir (Plates 190 and 191).  The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 20, 62, and 60 percent of the 
samples collected at site ETNLKND1.  All the samples were collected during the “growing season” (i.e., 
May through September) and the reported mean values represent the growing season average for the 5-
year period 2004 through 2008.  Based on the State of Nebraska’s impairment assessment criteria, the 
mean values for total nitrogen and chlorophyll a (Plate 190) indicate impairment of the Aesthetics 
beneficial use of East Twin Reservoir due to nutrients. 

 
 
 
 
 



Figure 6.37. Location of sites where water quality monitoring was conducted at Twin Lakes Resetvoir dw'ing the 
period 2004 through 2008. 
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6.2.9.2.1.2 Thermal Stratification 
 
6.2.9.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of East Twin Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 192 and 193, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites ETNLKND1, ETNLKML1, and 
ETNLKUP1 in 2007 and 2008.  These temperature plots indicate that East Twin Reservoir rarely 
exhibited significant thermal stratification during the 2-year period.  The maximum difference monitored 
between the surface and bottom water temperatures during the 2-year period was 4°C in July of 2008 
(Plate 193). 
 
6.2.9.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of East Twin Reservoir, at the deep water area near the 
dam, measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature plots 
(Plate 194).  The depth-profile temperature plots indicate that the reservoir rarely exhibited significant 
summer thermal stratification over the past 5 years.  Since East Twin Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 

 
6.2.9.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.9.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of East Twin Reservoir based 
on depth-profile measurements taken during 2007 and 2008 at sites ETNLKND1, ETNLKML1, and 
ETNLKUP1.  Plates 195 and 196, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on five occasions (July, August, and 
September 2007, and June and July 2008) near the reservoir bottom (Plates 195 and 196). 
 
6.2.9.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in East Twin Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  
Summer depth-profile dissolved oxygen were compiled and plotted for the 5 years (Plate 197).  On 
several occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Both 
hypoxic conditions near the bottom and super-saturation near the reservoir surface were monitored (Plate 
197).  Although East Twin Reservoir appears to be polymictic based on thermal stratification, there 
appears to be enough inhibition to mixing to allow hypoxic conditions to develop near the reservoir 
bottom. 

 
6.2.9.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of East Twin Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1994 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 
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23, 2008 contour plot indicates a pool elevation of 1341.3 ft-msl, a 5 mg/l dissolved oxygen isopleth 
elevation of about 1332.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1330.0 ft-
msl (Plate 196).  The District’s Area-Capacity Tables give storage capacities of 2,234 ac-ft for elevation 
1341.3 ft-msl, 661 ac-ft for elevation 1332.0 ft-msl, and 456 ac-ft for elevation 1330.0 ft-msl.  On June 
23, 2008 it is estimated that 30 percent of the volume of East Twin Reservoir was less than the 5 mg/l 
dissolved oxygen criterion for the protection of warmwater aquatic life, and 20 percent of the reservoir 
volume was hypoxic. 
 
6.2.9.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in East Twin Reservoir indicated hypoxic conditions 
were present during the summers of 2007 and 2008, longitudinal contour and depth-profile plots were 
constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected when 
hypoxia was present were also compared. 
 
6.2.9.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 198 and 199, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated “slightly” reduced conditions occurred 
near the reservoir bottom on two occasions when hypoxic conditions were monitored (August 2, 2007 and 
July 23, 2008) (Plates 198 and 199).   Plate 200 plots depth profiles for ORP measured during the summer 
over the past 5 years in the deep water area of East Twin Reservoir near the dam.  The ORP depth profiles 
indicate that appreciable reduced conditions rarely occurred in East Twin Reservoir during the summer. 
 
6.2.9.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 201 and 202.   Plate 203 plots depth profiles for pH measured during the summer 
over the past 5 years in the deep water area of East Twin Reservoir near the dam.  An appreciable vertical 
gradient in pH occasionally occurred in the reservoir during the summer (Plates 201 - 203).  It appears 
occasional reduced conditions in the deeper water of Wagon Train Reservoir seemingly lead to in lower 
pH levels near the reservoir bottom.  The lowest measured pH levels near the reservoir bottom were 
above the lower pH criterion of 6.5 for the protection of warmwater aquatic life.  
 
6.2.9.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from East Twin Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site ETNLKND1 during the 5-year period 2004 through 2008.  During the 5-year period a 
total of 25 paired samples were collected monthly from May through September.  Of the 25 paired 
samples collected, 10 (40%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 
paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (10), 
dissolved oxygen (10), oxidation-reduction potential (9), pH (10), alkalinity (9), total ammonia (9), 
nitrate-nitrate nitrogen (9), total phosphorus (9), and orthophosphorus (9) (Plate 204) [Note: the number 
in parentheses is the number of paired observations available for each parameter].  A paired two-tailed t-
test was used to determine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (α = 0.05).  The sampled near-surface and near-bottom conditions were not 
significantly different for total ammonia, nitrate-nitrite nitrogen, total phosphorus, or ortho-phosphorus.  



Parameters that were significantly lower in the near-bottom water of East Twin Rese1voir when hypoxia 
was present included: water temperature (p < 0.01), dissolved oxygen (p < 0.0001), oxidation-reduction 
potential (< 0.05), and pH (p < 0.0001). Parameters that were significantly higher in the near-bottom 
water of East Twin Rese1voir when hypoxia was present included: total alkalinity (p < 0.05). 

6.2.9.2.1.5 Water Clarity 

6.2.9.2.1.5.1 Secchi Transparency 

Figure 6.38 displays a box plot of the Secchi depth transparencies measured at the three in
reseivoir monitoring sites (i.e., ETNLKND1, ETNLKMLl , and ETNLKUP1) during 2008 (note: the 
monit01ing sites are 01iented in an upstream to downstream direction). Transparencies measured at the 
three sites were all significantly different and increased in a downstream direction (Figure 6.38). 
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Figure 6.38. Box plot of Secchi depth transparencies measmed in East Twin Reservoir dming 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 

6.2.9.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of East Twin Rese1voir based on depth
profile measurements taken during 2007 and 2008. Plates 205 and 206, respectively, provide longitudinal 
turbidity contour plots based on depth-profile measurements taken from May through September. East 
Twin Rese1voir occasionally exhibited appreciable longitudinal and depth variability in turbidity. 

6.2.9.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for East Twin Rese1voir were calculated from monitoring data 
collected during the 5-year period 2004 through 2008 at the near-dam ambient monit01ing site (i.e., 
ETNLKND1). Table 6.25 summruizes the TSI values calculated for the rese1voir. The TSI values 
indicate that the neru·-dam lacustrine area of East Twin Rese1voir is in a slightly hypereutrophic condition. 
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6.2.9.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for East Twin Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., ETNLKND1).  Plate 207 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, East Twin Reservoir exhibited no noticeable trends in transparency, total phosphorus, or 
chlorophyll a.  Over the 29-year period since 1980, East Twin Reservoir has remained in a slightly 
hypereutrophic condition (Plate 207). 

 
6.2.9.2.3 Existing Water Quality Conditions of Runoff Inflows to East Twin Reservoir 
 

Existing water quality conditions in the main tributary inflow to East Twin Reservoir was 
monitored at site ETNNF1 by the NDEQ under runoff conditions during the period of April through 
September (Figure 6.37).  Site ETNNF1 was approximately ¼ mile upstream from the reservoir.  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plate 208 summarizes water quality conditions that were monitored at site 
ETNNF1 under runoff conditions during the period 2004 through 2008. 
 
6.2.9.3 Water Quality in West Twin Reservoir 
 
6.2.9.3.1 Existing Water Quality Conditions  
 
6.2.9.3.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in West Twin Reservoir at site WTNLKND1 from 
May through September during the 2-year period 2004 through 2005 are summarized in Plate 209.  Due 
to low water conditions, the reservoir was not sampled in 2006 through 2008. A review of these results 
indicated possible water quality concerns regarding nutrients and arsenic. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R18 impounded waters 
include: total phosphorus (139 ug/l), total nitrogen (1,460 ug/l), and chlorophyll a (44 ug/l).  All three of 
these criteria were regularly exceeded in West Twin Reservoir (Plate 209).  The mean values for total 
nitrogen and total phosphorus (based on 11 samples) indicates use impairment (i.e., Aesthetics) based on 
the State of Nebraska’s 2008 Section 303(d) impairment assessment criteria.  
 

Table 6.25. Summary of Trophic State Index (TSI) values calculated for East Twin Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 67 66 56 80 
TSI(TP) 25 64 64 48 77 
TSI(Chl) 25 66 68 40 79 
TSI(Avg) 25 66 66 52 71 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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The chronic arsenic criterion for the protection of warmwater aquatic life was exceeded in West 
Twin Reservoir in the area near the dam (Plate 209).  One of two samples exceeded the chronic arsenic 
criterion. 
 
6.2.9.3.1.2 Thermal Stratification 
 

Existing summer thermal stratification of West Twin Reservoir, at the deep water area near the 
dam, is described by the depth-profile temperature plots measured over the 2-year period 2004 through 
2005.  Depth-profile temperatures measured during the summer were compiled and plotted (Plate 210).  
The plotted depth-profile temperature measurements indicate the shallowness of the reservoir and the 
nonoccurrence of summer thermal stratification (Plate 210).  Based on the nonoccurrence of significant 
thermal stratification in the summer, the reservoir appears to be subject to regular mixing in the summer. 
 
6.2.9.3.1.3 Summer Dissolved Oxygen Conditions 
 

Existing summer dissolved oxygen conditions in West Twin Reservoir at the deep water area near 
the dam are described by the depth-profile dissolved oxygen plots measured over the 2-year period 2004 
through 2005.  Depth-profile dissolved oxygen plots measured during the summer were compiled (Plate 
211).  On a few occasions there was a significant vertical gradient in summer dissolved oxygen levels 
(Plate 211).  Even though West Twin Reservoir is subject to regular mixing, significant vertical gradients 
in dissolved oxygen concentrations occasionally develop in the reservoir during the summer. 
 
6.2.9.3.1.4 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for West Twin Reservoir were calculated from monitoring data 
collected during the 2-year period 2004 through 2005 at the near-dam ambient monitoring site (i.e., 
WTNLKND1).  Table 6.26 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of West Twin Reservoir is in an advanced hypereutrophic 
condition. 
 

 
 
6.2.9.3.2 Water Quality Trends (1980 through 2005) 
 

Water quality trends from 1980 to 2005 were determined for West Twin Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., WTNLKND1).  Plate 212 displays 

Table 6.26. Summary of Trophic State Index (TSI) values calculated for West Twin Reservoir for the 2-year 
period 2004 through 2005. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 7 87 87 80 97 
TSI(TP) 9 76 75 61 89 
TSI(Chl) 9 72 71 57 85 
TSI(Avg) 9 77 75 71 88 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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a scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, West Twin Reservoir exhibited decreasing transparency and chlorophyll a levels and increasing 
levels of total phosphorus.  Over the 26-year period since 1980, West Twin Reservoir has remained in a 
hypereutrophic condition (Plate 212). 
 
6.2.9.3.3 Existing Water Quality Conditions of Runoff Inflows to West Twin Reservoir 
 

Existing water quality conditions in the main tributary inflow to West Twin Reservoir was 
monitored at site WTNNF1 by the NDEQ under runoff conditions during the period of April through 
September (Figure 6.37).  Site WTNNF1 was approximately ½ mile upstream from the reservoir.  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plate 213 summarizes water quality conditions that were monitored at site 
WTNNF1 under runoff conditions during the 5-year period 2004 through 2008. 
 
6.2.10 WAGON TRAIN RESERVOIR 
 
6.2.10.1 Background Information 
 
6.2.10.1.1 Project Overview 
 

The dam forming Wagon Train Reservoir is located on a tributary to the Hickman Branch.  The 
dam was completed on September 24, 1962 and the reservoir reached its initial fill on June 24, 1963.  The 
Wagon Train Reservoir watershed is 15.6 square miles.  The watershed was largely agricultural when the 
dam was built in 1962 and has remained so to the present time. 
 
6.2.10.1.2 Aquatic Habitat Improvement and Water Quality Management Project 
 

A lake renovation project was completed at Wagon Train Reservoir in 2003.  The goal of the 
project was to stabilize eroding shorelines and create fringe wetlands, reduce sediment and nutrient 
loading to the reservoir, manipulate water levels to promote colonization of aquatic vegetation, set back 
succession of the rough fish dominated community using rotenone, and restock the reservoir with sport 
fish.  Approximately $2.7 million in Federal, State, and Local funding was spent on the lake renovation 
project. 

 
Included in the project were the construction of a two-stage sediment/nutrient dike in the upper 

end of the reservoir and a single-stage sediment/nutrient dike at the upper end of the east bay (Figure 
6.39).  Each dike has an estimated trapping efficiency of about 60 percent.  Further, five breakwater 
jetties totaling 1,175 feet were constructed at strategic locations and now protect 2,350 additional feet of 
adjacent shoreline from erosive waves.  Finally, three islands were constructed just downstream of the 
large sediment/nutrient dike and have each added about 1,000 feet of shoreline.  Collectively, the 
structures created in this project have added 8,750 feet of additional shoreline, increasing the reservoir’s 
total by 36 percent.  The dikes, jetties, and islands have all promoted growth of cattails, bulrushes, 
arrowhead, and a variety of submersed aquatic plants.  This aquatic vegetation is resulting in development 
of an exceptional fishery.  To protect this fishery from unwanted reintroduction of rough fish, the 
Nebraska Game and Parks Commission has implemented a ban on the possession and use of all baitfish, 
dead or alive, at the reservoir.  
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Two-Stage Sediment/Nutrient Dike and Basin One-Stage Sediment/Nutrient Dike and Basin. 

Figure 6.39. Aerial views of sediment/nutrient dikes and basins constructed on Wagon Train Reservoir as part of 
the lake renovation project (see Figure 6.41 for constructed sediment/nutrient dikes locations on the 
reservoir). 

 
6.2.10.1.3 Wagon Train Dam Intake Structure 
 

The dam intake at Wagon Train Dam is a drop inlet structure consisting of a single reinforced 
concrete box shaft.  Its inside dimensions are 5 feet by 8 feet.  The intake structure has four ungated 
openings – two 30” x 96” openings with a crest elevation at 1292.4 ft-msl and two 12” x 54” openings 
with a crest elevation at 1287.8.  A 36” x 36” gated opening with a crest elevation of 1283.5 ft-msl was 
constructed into the upstream wall.  As part of the recent lake renovation project a “stop-log” structure 
was attached to the concrete box shaft over the 36” x 36” gated opening.  The 36” x 36” gate is 
permanently left open and pool levels are managed with the external stop-log structure.  The purpose of 
the gate modification is to allow for better management of pool elevations for water quality and fishery 
management.  The gated outlet may also be used to release water for downstream needs.   
 
6.2.10.1.4 Reservoir Storage Zones 
 

Figure 6.40 depicts the current storage zones of Wagon Train Reservoir based on the 1993 survey 
data, results of the recent lake renovation project, and estimated sedimentation.  After accounting for the 
sediment removed from the reservoir basin as part of the recent lake renovation project, it is estimated 
that 13 percent of the “as-built” volume to the top of the Conservation Pool has been lost to sedimentation 
as of 2008.  The annual volume loss, prior to the implementation of the lake renovation project, is 
estimated to be 0.31 percent.  However, measures implemented as part of the lake renovation project (i.e., 
sediment/nutrient dikes) are believed to have reduced the annual volume loss.  Based on the State of 
Nebraska’s impairment assessment criteria, these values indicate that Wagon Train Reservoir’s water 
quality dependent uses are not impaired due to sedimentation. 

 
6.2.10.1.5 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Wagon Train Reservoir since the late 
1970’s.  Water quality monitoring locations have included sites on the reservoir and on the inflow and 
outflow of the reservoir.  Figure 6.41 shows the location of the sites that have been monitored for water 
quality during the past 5 years (i.e., 2004 through 2008).  The inflow runoff site (WAGNF1) was sampled 
by the NDEQ.  The other in-reservoir sites (WAGLKND1, WAGLKML1, and WAGLKUP1) were 
sampled by the District.  The near-dam location (WAGLKND1) has been monitored by the District since 
1980. 
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Figure 6.40. CwTent storage zones of Wagon Train Reservoir based on the 1993 survey data and estimated 
sedimentation. 

6.2.10.2 Water Qualitv in Wagon Train Reservoir 

6.2.10.2.1 Existing Water Quality Conditions 

6.2.10.2.1.1 Statistical Summary and Comparison to N umeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Wagon Train Rese1voir at sites WAGLKND1 
and WAGLKML1 from May through September during the 5-year period 2004 through 2008 are 
summarized, respectively, in Plates 214 and 215. A review of these results indicated possible water 
quality concems regarding dissolved oxygen, arsenic, aluminum, and selenium. 

An appreciable number (>30%) of dissolved oxygen measurements taken in Wagon Train 
Rese1voir were below the 5 mg/1 criterion for the protection of warmwater aquatic life (Plates 214 and 
215). Most of the low dissolved oxygen measurements occmTed near the bottom of the rese1voir, and 
may have been associated with a slight the1mal stratification. Nebraska's Water Quality Standards makes 
the following provision regarding the application of the State's water quality standards' criteria to lakes: 

"In lakes and impoundments, or portions thereof, which exhibit natural thennal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion. " 

This provision possibly applies to the low dissolved oxygen situation in Wagon Train Rese1voir, and the 
measured dissolved oxygen levels below 5 mg/1 may not be a water quality standards non-attainment 
situation. 

One of three aluminum measurements (33%) and one of five selenium measurements (20%) 
exceeded the chronic aluminum and selenium c1iteria for the protection of aquatic life. At this time the 
exceedences are considered to be possible outliers. 
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Figure 6.41. Location of sites where water quality monitoring was conducted at Wagon Reservoir dlll'ing the 
period 2004 through 2008. 
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The chronic arsenic criterion for the protection of warmwater aquatic life was exceeded in 3 of 
the 5 samples (60%) collected from Wagon Train Reservoir in the area near the dam (Plate 214).  Based 
on the State of Nebraska’s impairment assessment criteria, the percent exceedence of the chronic arsenic 
criterion indicates impairment of the Aquatic Life beneficial use of Wagon Train Reservoir.  

 
Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 

include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Wagon Train Reservoir (Plates 214 and 215).  The total 
phosphorus, total nitrogen, and chlorophyll a criteria were respectively exceeded by 88, 46, and 42 
percent of the samples collected at site WAGLKND1.  All the samples were collected during the 
“growing season” (i.e., May through September) and the reported mean values represent the growing 
season average for the 5-year period 2004 through 2008.  Based on the State of Nebraska’s impairment 
assessment criteria, the mean values for all three parameters (Plate 214) indicate impairment of the 
Aesthetics beneficial use of Wagon Train Reservoir due to nutrients. 
 
6.2.10.2.1.2 Thermal Stratification 
 
6.2.10.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Wagon Train Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  
Plates 216 and 217, respectively, provide longitudinal temperature contour plots based on depth-profile 
temperature measurements taken from May through September at sites WAGLKND1, WAGLKML1, and 
WAGLKUP1 in 2007 and 2008.  These temperature plots indicate that Wagon Train Reservoir rarely 
exhibited significant thermal stratification during the 2-year period.  The maximum difference monitored 
between the surface and bottom water temperatures during the 2-year period was 3°C in July of 2007 and 
2008 (Plates 216 and 217). 
 
6.2.10.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Wagon Train Reservoir, at the deep water area near the 
dam, measured over the 5-year period 2004 through 2008 is depicted by depth-profile temperature plots 
(Plate 218).  The depth-profile temperature plots indicate that the reservoir rarely exhibited significant 
summer thermal stratification over the past 5 years.  Since Wagon Train Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
 
6.2.10.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.10.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Wagon Train Reservoir 
based on depth-profile measurements taken during 2007 and 2008 at sites WAGLKND1, WAGLKML1, 
and WAGLKUP1.  Plates 219 and 220, respectively, provide longitudinal dissolved oxygen contour plots 
based on depth-profile measurements taken from May through September in 2007 and 2008.  Hypoxic 
conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored on four occasions (July and August 2007, 
and June and July 2008) near the reservoir bottom (Plates 219 and 220). 
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6.2.10.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Wagon Train Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 5-year period 2004 through 2008.  
Summer dissolved oxygen depth-profiles were compiled and plotted for the 5 years (Plate 221).  On 
several occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Both 
hypoxic conditions near the reservoir bottom and super-saturation near the surface were monitored (Plate 
221).  Although Wagon Train Reservoir appears to be polymictic based on thermal stratification, there 
appears to be enough inhibition to mixing to allow hypoxic conditions to develop near the reservoir 
bottom. 
 
6.2.10.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Wagon Train Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1993 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 
25, 2008 contour plot indicates a pool elevation of 1288.9 ft-msl, a 5 mg/l dissolved oxygen isopleth 
elevation of about 1287.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1279.0 ft-
msl (Plate 220).  The District’s Area-Capacity Tables give storage capacities of 2,089 ac-ft for elevation 
1288.9 ft-msl, 1,576 ac-ft for elevation 1287.0 ft-msl, and 278 ac-ft for elevation 1279.0 ft-msl.  On June 
25, 2008 it is estimated that 75 percent of the volume of Wagon Train Reservoir was less than the 5 mg/l 
dissolved oxygen criterion for the protection of warmwater aquatic life, and 13 percent of the reservoir 
volume was hypoxic. 
 
6.2.10.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Wagon Train Reservoir indicated hypoxic 
conditions were present during the summers of 2007 and 2008, longitudinal contour and depth-profile 
plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected 
when hypoxia was present were also compared. 
 
6.2.10.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 222 and 223, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated “slightly” reduced conditions occurred 
near the reservoir bottom on two occasions when hypoxic conditions were monitored (July 10, 2007 and 
July 24, 2008).  Plate 224 plots depth profiles for ORP measured during the summer over the past 5 years 
in the deep water area of Wagon Train Reservoir near the dam.  The ORP depth profiles indicate that 
appreciable reduced conditions rarely occurred in Wagon Train Reservoir during the summer. 
 
6.2.10.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 225 and 226.   Plate 227 plots depth profiles for pH measured during the summer 
over the past 5 years in the deep water area of Wagon Train Reservoir near the dam.  An appreciable 
vertical gradient in pH occasionally occurred in the reservoir during the summer (Plates 225 - 227).  It 
appears occasional reduced conditions in the deeper water of Wagon Train Reservoir seemingly lead to in 
lower pH levels near the reservoir bottom.  The lowest measured pH levels near the reservoir bottom were 
above the lower pH criterion of 6.5 for the protection of warmwater aquatic life.  



6.2.10.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 

Paired near-smface and near-bottom water quality samples collected from Wagon Train 
Reservoir during the summer when hypoxia was present were compared. Near-surface conditions were 
represented by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were 
represented by samples collected within 1-meter of the reservoir bottom. The compared samples were 
collected at the near-dam site WAGLKND1 during the 5-year period 2004 through 2008. During the 5-
year period a total of 25 paired samples were collected monthly from May through September. Of the 25 
paired samples collected, five (20%) had near-bottom samples with less than 2.5 mg/1 dissolved oxygen. 
For the paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distr·ibution of measured water quality conditions for the following parameters: water temperature, 
dissolved oxygen, oxidation-reduction potential, pH, alkalinity, total ammonia, nitr·ate-nitrate nitr·ogen, 
total phosphoms, and orthophosphoms (Plate 228). [Note: all parameters had five paired observations]. 
A paired two-tailed t-test was used to determine if the sampled near-surface and near-bottom conditions 
for the paired samples were significantly different (a = 0.05). The sampled near-surface and near-bottom 
conditions were not significantly different for oxidation-reduction potential, total ammonia, nitr·ate-nitr·ite 
nitrogen, alkalinity, total phosphoms, or ortho-phosphoms. Parameters that were significantly lower in 
the near-bottom water of Wagon Train Reservoir when hypoxia was present included: water temperature 
(p < 0.01), dissolved oxygen (p < 0.01), and pH (p < 0.05). 

6.2.10.2.1.5 Water Clar ity 

6.2.10.2.1.5.1 Secchi Transparency 

Figure 6.42 displays a box plot of the Secchi depth transparencies measured at the three in
reservoir monitoring sites (i.e., WAGLKND1, WAGLKML1, and WAGLKUP1) during 2008 (note: the 
monitoring sites are oriented in an upstr·eam to downstr·eam direction). Transparencies measured at the 
three sites increased in a downstr·eam direction. Measured tr·ansparencies near the dam were significantly 
higher than those measured in the upstream reaches (Figure 6.42). 
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Figure 6.42. Box plot of Secchi depth transparencies measured in Wagon Train Reservoir during the 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.). 
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6.2.10.2.1.5.2 Turbidity 
 
Turbidity contour plots were constructed along the length of Wagon Train Reservoir based on 

depth-profile measurements taken during 2007 and 2008.  Plates 229 and 230, respectively, provide 
longitudinal turbidity contour plots based on depth-profile measurements taken from May through 
September.  Wagon Train Reservoir occasionally exhibited appreciable longitudinal and depth variability 
in turbidity. 
 
6.2.10.2.1.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Wagon Train Reservoir were calculated from monitoring 
data collected during the 5-year period 2004 through 2008 at the near-dam ambient monitoring site (i.e., 
WAGLKND1).  Table 6.27 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Wagon Train Reservoir is in a hypereutrophic condition. 

 
 

6.2.10.2.1.7 Monitoring at Swimming Beaches 
 

A designated swimming beach is located on Wagon Train Reservoir.  Bacteria (i.e., E. coli) and 
the cyanobacteria toxin microcystin were monitored at the swimming beach on the reservoir at site 
WAGLKBACT1 by the NDEQ (Figure 6.41).  Bacteria was monitored from May through September 
over the 5-year period 2004 through 2008, and microcystin was monitored from May through September 
over the 4-year period 2005 through 2008. 

 
6.2.10.2.1.7.1 Bacteria Monitoring 

 
Table 6.28 summarizes the results of the E. coli bacteria monitoring.  The “running 5-week” 

geometric means were calculated as running geometric means for five consecutive weekly bacteria 
samples through the recreational season (i.e., May through September).  The “pooled” geomean was 
determined by pooling all the weekly bacteria samples collected during the recreational season over the 5-
year period and calculating a single geomean.  All nondetects were set to 1 to calculate geomeans.  The 
sampling results were compared to the following Nebraska water quality criteria for E. coli bacteria: 

E. coli bacteria should not exceed a geometric mean of 126/100ml.  For increased confidence of 
the criteria, the geometric mean should be based on a minimum of five samples taken within a 30-
day period.  Single sample maximum allowable density for designated bathing beaches is 
235/100ml. 

Table 6.27. Summary of Trophic State Index (TSI) values calculated for Wagon Train Reservoir for the 5-year 
period 2004 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 73 72 64 90 
TSI(TP) 25 75 76 65 82 
TSI(Chl) 25 65 65 40 79 
TSI(Avg) 25 71 72 64 76 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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The pooled geomean was compared to the State of Nebraska’s impairment assessment criteria regarding 
the assessment of the Primary Contact Recreation beneficial use using E. coli bacteria data.  Based on that 
criteria a Primary Contact Recreation use in Wagon Train Reservoir is not impaired due to bacteria.  The 
higher bacteria levels monitored in the reservoir are believed to be associated with runoff events. 
 
 

 
6.2.10.2.1.7.2 Microcystin Monitoring 
 

Table 6.29 summarizes the microcystin monitoring conducted at the Wagon Train Reservoir 
swimming beach during the 4-year period 2005 through 2008.  These results were compared to the 20 
ug/l criterion for issuing health advisories and the posting of swimming beaches.  No samples exceeded 
the criterion.  The monitored levels of microcystin do not indicate a significant cyanobacteria toxin 
concern at Wagon Train Reservoir. 
 
 

 
6.2.10.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Wagon Train Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., WAGLKND1).  Plate 231 displays 
a scatter-plot of the collected data for the four parameters and a monotonic linear regression lines for the 
periods 1980 through 1998 and 2003 through 2008.  The data gap of 1998 through 2002 is the period 

Table 6.28. Summary of weekly (May through September) E. coli bacteria samples collected at Wagon Train
Reservoir (i.e., site WAGLKBACT1) during the 5-year period 2004 through 2008. 

 
E. coli – Individual Samples E. coli – Geomeans (Running 5-Week) 

Number of Samples 102 Number of Geomeans 82 
Mean (cfu/100ml) 92 Average 20 
Median (cfu/100ml) 7 Median 14 
Minimum (cfu/100ml) 1 Minimum 2 
Maximum (cfu/100ml) 3,076 Maximum 96 
Percent of samples exceeding 235/100ml 8% Percent of Geomeans exceeding 126/100ml 0% 

 E. coli – Geomean (5-Year Pooled) 
5-Year Pooled Geomean 10 

 

Table 6.29. Summary of weekly (May through September) microcystin samples collected at the Wagon Train 
Reservoir swimming beach (i.e., site WAGLKBACT1) during the 4-year period 2005 through 2008. 

 
 

Summary Statistic 
Swimming Beach 

(Site WAGLKBACT1) 
Number of Samples 85 
Minimum (ug/l) < 0.2 
25th percentile (ug/l) < 0.2 
Median (ug/l) < 0.2 
75th Percentile (ug/l) < 0.2 
Maximum (ug/l) 2.0 
Percent of samples exceeding 20 ug/l 0% 
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when the lake renovation project was implemented at Wagon Train Reservoir.  When several years of 
post-project data have been collected, analyses for step trend assessment will be pursued to test for water 
quality changes from “pre-project” conditions. 
 
6.2.10.2.3 Existing Water Quality Conditions of Runoff Inflows to Wagon Train Reservoir 
 

Existing water quality conditions in the main tributary inflow to Wagon Train Reservoir was 
monitored at site WAGNF1 by the NDEQ under runoff conditions during the period of April through 
September (Figure 6.41).  Site WAGNF1 was approximately 1 mile upstream from the reservoir.  Runoff 
conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in stream stage from 
“base-flow” conditions.  Plate 232 summarizes water quality conditions that were monitored at site 
WAGNF1 under runoff conditions during the 5-year period 2004 through 2008. 
 
6.2.11 YANKEE HILL RESERVOIR 
 
6.2.11.1 Background Information 
 
6.2.11.1.1 Project Overview 
 

The dam forming Yankee Hill Reservoir is located on the Cardwell Branch.  The dam was 
completed on August 27, 1963 and the reservoir reached its initial fill in May 1965.  The Yankee Hill 
Reservoir watershed is 9.7 square miles.  The watershed was largely agricultural when the dam was built 
in 1963 and has remained so to the present time. 
 
6.2.11.1.2 Aquatic Habitat Improvement and Water Quality Management Project 
 

A lake renovation project was started at Yankee Hill Reservoir in 1999 and completed in 2005.  
To facilitate the project, the reservoir was drawn down in 1998 and refilled in 2006.  The goal of the 
project was to reduce the threat of winter fish kills, create more open water habitat for fish, stabilize 
shorelines and create fringe wetlands, reduce sediment and nutrient loading into the reservoir, manipulate 
water levels to promote fish production, and set back succession by restructuring the rough fish 
dominated fishery.  Approximately $1.9 million in Federal, State, and Local funding was spent on the 
lake renovation project. 

 
Included in the project were three sediment/nutrient dikes, three offshore breakwaters, three 

islands, five jetties, six hardpoints, seven underwater islands, modification of the outlet structure, a new 
boat ramp and parking lot, reservoir basin excavation, and fish renovation and restocking.  Reservoir 
basin excavation included the excavation and disposal of 349,800 cubic yards of material beyond the 
reservoir's flood pool and the relocation of 95,000 cubic yards as compact fill for jetties, offshore 
breakwaters, and sediment dikes within the reservoir basin.  Material disposed outside the flood pool has 
enlarged the reservoir's volume by 216.7 ac-ft, a 19 percent increase, and increased the mean depth of the 
reservoir from 6.4 to 7.1 feet.  The three sediment dikes are expected to reduce sediment loads by 50 
percent annually. Collectively, the jetties, breakwaters, and islands have added 16,135 feet of productive 
shoreline to the reservoir, a 79 percent increase.  Fish attractors in the form of cedar trees have also been 
added to the reservoir.  Aerial views of Yankee Hill Reservoir during construction of the lake renovation 
project are provided in Figure 6.43. 
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Figure 6.43. Aerial views of Yankee Hill Reservoir during construction of the lake renovation project. 
 
 
6.2.11.1.3 Yankee Hill Dam Intake Structure 
 

The dam intake at Yankee Hill is a drop inlet structure consisting of a single reinforced concrete 
box shaft.  Its inside dimensions are 3.5 feet by 5.25 feet.  The intake structure has four ungated openings 
– two 18” x 63” openings with a crest elevation at 1250.0 ft-msl and two 12” x 30” openings with a crest 
elevation at 1244.9 ft-msl.  A 36” x 36” gated opening with a crest elevation of 1237.0 ft-msl was 
constructed into the upstream wall.  As part of the recent lake renovation project a “stop-log” structure 
was attached to the concrete box shaft over the 36” x 36” gated opening.  The 36” x 36” gate is 
permanently left open and pool levels are managed with the external stop-log structure. The purpose of 
the gate modification is to allow for better management of pool elevations for water quality and fishery 
management.  The gated outlet may also be used to release water for downstream needs. 
 
6.2.11.1.4 Reservoir Storage Zones 
 

Figure 6.44 depicts the current storage zones of Yankee Hill Reservoir based on the 1994 survey 
data, results of the recent lake renovation project, and estimated sedimentation.  After accounting for the 
sediment removed from the reservoir basin as part of the recent lake renovation project, it is estimated 
that 10 to 14 percent of the “as-built” volume to the top of the Conservation Pool has been lost to 
sedimentation as of 2008.  The annual volume loss, prior to the implementation of the lake renovation 
project, is estimated to be 0.51 percent.  However, measures implemented as part of the lake renovation 
project (i.e., sediment/nutrient dikes) are believed to have reduced the annual volume loss.  Based on the 
State of Nebraska’s impairment assessment criteria, these values indicate that Yankee Hill Reservoir’s 
water quality dependent uses are not impaired due to sedimentation. 
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Figure 6.44. CwTent storage zones of Yankee Hill Reservoir based on the 1994 survey data and estimated 
sedimentation. 

6.2.11.1.5 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Yankee Hill Rese1voir since the late 1970's. 
Water quality monit01ing locations have included sites on the reservoir and on the inflow and outflow of 
the rese1voir. As mentioned, a lake renovation project was implemented at Yankee Hill rese1voir from 
1999 through 2005. During this period the rese1voir was drawn down to facilitate constmction activities, 
and in-rese1voir water quality monitoring by the District was discontinued. In-rese1voir monit01ing was 
restaited in 2007. Runoff monit01ing by the NDEQ on the two main tributa1y inflows to the rese1voir 
continued during the lake renovation project. Figure 6.45 shows the location of the sites that have been 
monitored for water quality during the past 5 years (i.e. , 2004 through 2008). The near-dam location 
(Y ANLKNDl) has been monitored by the District since 1980. 

6.2.11.2 Water Qualitv in Yankee Hill Reservoir 

6.2.11.2.1 Existing Water Quality Conditions 

6.2.11.2.1.1 Statistical Summary and Comparison to N umeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Yankee Hill Rese1voir at sites Y ANLKND 1, 
YANLKMLWl , and YANLKMLSl from May through September during the 2-year pe1iod 2007 through 
2008 are summarized, respectively, in Plates 233, 234, and 235. A review of these results indicated 
possible water quality concems regarding dissolved oxygen, pH, ammonia, selenium, and nutrients. 
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Figure 6.45. Location of sites where water quality monitoring was conducted at Yankee Hill dming the period 
2004 through 2008. 
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An appreciable number (> 20%) of dissolved oxygen measurements taken in Yankee Hill 
Reservoir were below the 5 mg/l criterion for the protection of warmwater aquatic life (Plate 233).  Most 
of the low dissolved oxygen measurements occurred near the bottom of the reservoir, and may have been 
associated with thermal stratification.  Nebraska’s Water Quality Standards makes the following 
provision regarding the application of the State’s water quality standards’ criteria to lakes: 

“In lakes and impoundments, or portions thereof, which exhibit natural thermal 
stratification, all applicable narrative and numerical criteria, with the exception of the 
numerical criteria for temperature, apply only to the epilimnion.” 

This provision may apply to the low dissolved oxygen situation in Yankee Hill Reservoir, and the 
measured dissolved oxygen levels below 5 mg/l may not be a water quality standards non-attainment 
situation. 

 
A large number (> 30%) of pH readings measured throughout Yankee Hill Reservoir were above 

the numeric pH criteria of 9.0 for the protection of warmwater aquatic life (Plates 233 - 235).  A few pH 
measurements were also below the pH criterion of 6.5 for the protection of warmwater aquatic life (Plate 
233.  The lowest and highest pH levels measured were, respectively, 6.4 and 9.9.  The magnitude and 
number of pH criterion exceedences indicate a noteworthy water quality concern.  Based on the State of 
Nebraska’s impairment assessment criteria, the percent exceedence of the upper pH criterion indicates 
impairment of the Aquatic Life beneficial use of Yankee Hill Reservoir.  It is believed the high pH values 
may be associated with periods of high algal production and CO2 uptake during photosynthesis. 

 
The chronic ammonia criterion for the protection of warmwater aquatic life was seemingly 

exceeded in 1 of 16 samples (6%) collected in the area near the dam.  Ammonia criteria are pH and 
temperature dependant, and the criteria cited are based on median values that may or may not represent 
conditions when the higher ammonia occurred.  
 

One of two selenium measurements (50%) exceeded the chronic selenium criterion for the 
protection of aquatic life.  At this time the exceedence is considered to be a possible outlier. 
 

Nutrient criteria defined in Nebraska’s water quality standards for R13 impounded waters 
include: total phosphorus (143 ug/l), total nitrogen (1,540 ug/l), and chlorophyll a (16 ug/l).  All three of 
these criteria were exceeded throughout Yankee Hill Reservoir (Plates 233 - 235).  The total phosphorus, 
total nitrogen, and chlorophyll a criteria were respectively exceeded by 100, 75, and 88 percent of the 
samples collected at site YANLKND1.  All the samples were collected during the “growing season” (i.e., 
May through September) and the reported mean values represent the growing season average for the 2-
year period 2007 through 2008.  Based on the State of Nebraska’s impairment assessment criteria, the 
mean values for the three parameters and the exceedences of the dissolved oxygen and pH criteria (Plate 
233) indicate impairment of the Aesthetics and Aquatic Life beneficial use of Yankee Hill Reservoir due 
to nutrients. 
 
6.2.11.2.1.2 Thermal Stratification 
 
6.2.11.2.1.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Yankee Hill Reservoir measured during 2007 and 
2008 are depicted by longitudinal temperature contour plots constructed along the length of the reservoir 
through the south arm.  Plates 236 and 237, respectively, provide longitudinal temperature contour plots 
based on depth-profile temperature measurements taken from May through September at sites 
YANLKND1, YANLKMLS1, and YANLKUPS1 in 2007 and 2008.  These temperature plots indicate 
that Yankee Hill Reservoir regularly exhibited significant thermal stratification during the 2-year period.  
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The maximum difference monitored between the surface and bottom water temperatures during the 2-year 
period was 8°C in July of 2007 (Plate 237). 
 
6.2.11.2.1.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Wagon Train Reservoir, at the deep water area near the 
dam, measured over the 2-year period 2007 through 2008 is depicted by depth-profile temperature plots 
(Plate 238).  The depth-profile temperature plots indicate that the reservoir regularly exhibited significant 
summer thermal stratification over the past 2 years.  Since Wagon Train Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
 
6.2.11.2.1.3 Summer Dissolved Oxygen Conditions 
 
6.2.11.2.1.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Yankee Hill Reservoir 
through the south arm based on depth-profile measurements taken during 2007 and 2008 at sites 
YANLKND1, YANLKMLS1, and YANLKUPS1.  Plates 239 and 240, respectively, provide longitudinal 
dissolved oxygen contour plots based on depth-profile measurements taken from May through September 
in 2007 and 2008.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored along the 
reservoir bottom near the dam in both years (Plates 239 and 240).  Super-saturation of dissolved oxygen 
was also monitored in shallow water areas (Plates 239 and 240).  Dissolved oxygen super-saturation was 
attributed to high rates of photosynthesis by aquatic vegetation in the reservoir during the day (see 
discussion of pH monitoring in Section 6.2.11.2.1.4.2). 
 
6.2.11.2.1.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Wagon Train Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 2-year period 2007 through 2008.  
Summer dissolved oxygen depth-profiles were compiled and plotted for the 2 years (Plate 241).  On most 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Both hypoxic 
conditions near the reservoir bottom and super-saturation near the surface were monitored (Plate 241).  
Although Yankee Hill Reservoir appears to be polymictic there appears to be enough inhibition to mixing 
to allow hypoxic conditions to develop near the reservoir bottom. 
 
6.2.11.2.1.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Yankee Hill Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2007 and 2008 and the District’s current 
Area-Capacity Tables (1994 Survey) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The June 
26, 2008 contour plot indicates a pool elevation of 1246.3 ft-msl, a 5 mg/l dissolved oxygen isopleth 
elevation of about 1239.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1238.0 ft-
msl (Plate 240).  The District’s Area-Capacity Tables give storage capacities of 1,939 ac-ft for elevation 
1246.3 ft-msl, 624 ac-ft for elevation 1239.0 ft-msl, and 503 ac-ft for elevation 1238.0 ft-msl.  On June 
26, 2008 it is estimated that 32 percent of the volume of Wagon Train Reservoir was less than the 5 mg/l 
dissolved oxygen criterion for the protection of warmwater aquatic life, and 26 percent of the reservoir 
volume was hypoxic. 
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6.2.11.2.1.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Yankee Hill Reservoir indicated hypoxic 
conditions were present during the summers of 2007 and 2008, longitudinal contour and depth-profile 
plots were constructed for ORP and pH.  Near-surface and near-bottom water quality samples collected 
when hypoxia was present were also compared. 
 
6.2.11.2.1.4.1 Oxidation-Reduction Potential 
 

Plates 242 and 243, respectively, provide longitudinal ORP contour plots based on depth-profile 
measurements taken in 2007 and 2008.  The ORP values indicated appreciable reduced conditions 
occurred near the reservoir bottom on several occasions when hypoxic conditions were monitored (Plates 
222 and 223).   Plate 244 plots depth profiles for ORP measured during the summer of 2007 and 2008 in 
the deep water area of Wagon Train Reservoir near the dam.  The ORP depth profiles indicate that 
appreciable reduced conditions regularly occurred near the bottom of Yankee Hill Reservoir during the 
summer. 
 
6.2.11.2.1.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 and 2008 are provided, 
respectively, in Plates 245 and 246.   Plate 247 plots depth profiles for pH levels measured during the 
summer over the same 2 years in the deep water area of Yankee Hill Reservoir near the dam.  An 
appreciable vertical gradient in pH regularly occurred in the reservoir during the summer (Plates 245 - 
247).  It appears reduced conditions in the deeper water of Yankee Hill Reservoir seemingly resulted in 
lower pH levels near the reservoir bottom, while “hyper” photosynthesis resulted in higher pH levels near 
the reservoir surface.  The lowest and highest measured pH levels exceeded the lower pH criterion of 6.5 
and the upper pH criterion of 9.0 for the protection of warmwater aquatic life.  
 
6.2.11.2.1.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Yankee Hill Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site YANLKND1 during the 2-year period 2007 through 2008.  During the 2-year period a 
total of eight paired samples were collected monthly from May through September.  Of the eight paired 
samples collected, five (63%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 
paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (5), 
dissolved oxygen (5), oxidation-reduction potential (5), pH (5), alkalinity (3), total ammonia (3), nitrate-
nitrate nitrogen (3), total phosphorus (3), and orthophosphorus (3) (Plate 248) [Note: the number in 
parentheses is the number of paired observations available for each parameter].   A paired two-tailed t-
test was used to determine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (α = 0.05).  The small sample size reduced the sensitivity of the statistical 
comparison.  The sampled near-surface and near-bottom conditions were not found to be significantly 
different for total ammonia, nitrate-nitrite nitrogen, and total phosphorus.  Parameters that were found to 
be significantly lower in the near-bottom water of Yankee Hill Reservoir when hypoxia was present 
included: water temperature (p < 0.01), dissolved oxygen (p < 0.01), oxidation-reduction potential (p 
<0.05), and pH (p < 0.01).  Parameters found to be significantly higher in the near-bottom water of 
Yankee Hill Reservoir when hypoxia was present included: alkalinity (p < 0.01) and orthophosphorus (p 
<0.05). 



6.2.11.2.1.5 Water Clarity 

6.2.11.2.1.5.1 Secchi Transparency 

Figure 6.46 displays a box plot of the Secchi depth transparencies measured at the five in
resetvoir monit01ing sites (i.e., YANLKND1, YANLKMLS1, YANLKMLW1, YANLKUPS1, and 
Y ANLKUPW1) during 2008 (note: the monit01ing sites are oriented in an upstream to downstream 
direction). Transparencies measured at the five sites were all similar (Figure 6.46). 
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Figure 6.46. Box plot of Secchi depth transparencies measured in Wagon Train Reservoir during the 2008. (Note: 
monitoring sites are oriented on the x-axis in an upstream to downstream direction.) 

6.2.11.2.1.5.2 Turbidity 

Turbidity contour plots were constmcted along the length of Yankee Hill Resetvoir through the 
south rum based on depth-profile measurements taken during 2007 and 2008. Plates 249 and 250, 
respectively, provide longitudinal turbidity contour plots based on depth-profile measurements taken from 
May through September. Yankee Hill Resetvoir occasionally exhibited appreciable longitudinal and 
depth vatiability in turbidity. 

6.2.11.2.1.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Yankee Hill Resetvoir were calculated from monitoring data 
collected during the 2-year period 2007 through 2008 at the near-dam ambient monit01ing site (i.e., 
Y ANLKND1). Table 6.30 summruizes the TSI values calculated for the resetvoir. The TSI values 
indicate that the neru·-dam lacustrine ru·ea of Yankee Hill Resetvoir is in a hypereutrophic condition. 
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6.2.11.2.2 Water Quality Trends (1980 through 2008) 
 

Water quality trends from 1980 to 2008 were determined for Yankee Hill Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., YANLKND1).  Plate 251 displays 
a scatter-plot of the collected data for the four parameters and a monotonic linear regression lines for the 
periods 1980 through 1998 and 2007 through 2008.  The data gap of 1998 through 2006 is the period 
when the lake renovation project was implemented at Yankee Hill Reservoir.  When several years of post-
project data has been collected, analyses for step trend assessment will be pursued to test for water quality 
changes from “pre-project” conditions. 
 
6.2.11.2.3 Existing Water Quality Conditions of Runoff Inflows to Yankee Hill Reservoir 
 

Existing water quality conditions in the main tributary inflows to Yankee Hill Reservoir were 
monitored by the NDEQ under runoff conditions, during the period of April through September, at two 
sites YANNFWST1 and YANNFSTH1 (Figure 6.45).  Both sites were about ¼ mile upstream from the 
reservoir.  Runoff conditions were considered to be a 1-inch rainfall event or a 6-inch or more rise in 
stream stage from “base-flow” conditions.  Plates 252 and 253, respectively, summarize water quality 
conditions that were monitored at sites YANNFWST1 and YANNFSTH1 under runoff conditions during 
the period 2004 through 2008.  
 
6.3 SUMMARY OF WATER QUALITY CONDITIONS MONITORED AT THE NEBRASKA 

TRIBUTARY PROJECTS 
 
6.3.1 EXCEEDENCES OF NUMERIC WATER QUALITY STANDARDS CRITERIA 
 

Table 6.31 presents a summary of the exceedences of State water quality standards that occurred 
at the Papillion and Salt Creek Tributary Project reservoirs based on water quality monitoring conducted 
over the 5-year period of 2004 through 2008.  Except for E. coli and microcystin, the percentages 
presented in Table 6.30 represent the number of exceedences that occurred at the near-dam, deepwater 
ambient monitoring site.  For E. coli and microcystin, samples were collected at designated swimming 
beaches or areas of high recreational use. Results for dissolved oxygen and pH are for water column 
profile measurements.  Results for chlorophyll a, atrazine, aluminum, selenium, E. coli, and microcystin 
are for “grab samples” collected near the reservoir surface.  Results for total nitrogen, total ammonia, and 
total phosphorus are for “grab samples” collected at near-surface and near-bottom depths. 

Table 6.30. Summary of Trophic State Index (TSI) values calculated for Yankee Hill Reservoir for the 2-year 
period 2007 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 8 69 68 61 80 
TSI(TP) 8 77 77 69 80 
TSI(Chl) 8 77 77 65 87 
TSI(Avg) 8 74 74 67 81 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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Table 6.31. Percent exceedences of water quality standards criteria for all samples collected at near-dam, deepwater monitoring sites during the 5-year period of 
2004 through 2008.   (Note: E. coli and microcystin samples were collected at designated swimming beaches or areas of high recreational use.) 

 

Dissolved 
Oxygen 

(<5 mg/l) 

 
pH 

(> 9 SU) 

Total 
Ammonia 

(Variable)(1) 

Total Nitrogen
(>1.54 mg/l)(2) 

(>1.46 mg/l)(2) 

Total 
Phosphorus 
(>143 ug/l)(3) 
(>139 ug/l)(3) 

 
Chlorophyll a 

(>16 ug/l)(4) 
(>44 ug/l)(4) 

 
Atrazine 
(>12 ug/l) 

 
Aluminum 
(>87 ug/l) 

 
Arsenic 

(>16.7 ug/l) 

 
Selenium 
(>5 ug/l) 

 
E. coli(5) 

(>126/100ml)(6)

(>235/100ml)(7)

 
Microcystin(7)

(>20 ug/l) 

Papillion Creek 
Reservoirs 

            

Ed Zorinsky 30% 0% 0% 50% 45% 10% 0% 33% 0% 0% ----- ----- 
Glenn Cunningham 29% 0% 0% 32% 32% 29% 0% 0% 0% 0% 9% 

10% 
----- 

Standing Bear 32% 0% 6% 32% 18% 62% 0% 0% 0% 0% ----- ----- 
Wehrspann 29% 0% 4% 20% 30% 76% 0% 0% 0% 0% ----- ----- 
Salt Creek 
Reservoirs 

            

Bluestem 10% 0% 0% 68% 94% 29% 0% 0% 0% 20% 29% 
20% 

1% 

Branched Oak 13% 0% 2% 10% 18% 64% 0% 0% 0% 0% 11% 
15% 

0% 

Conestoga 14% 5% 4% 79% 70% 68% 0% 0% 0% 20% 0% 
2% 

14% 

East Twin 17% 1% 2% 62% 20% 60% 0% 0% 0% 20% ----- ----- 
Holmes 18% 18% 3% 28% 50% 25% 0% 0% 0% 33% 0% 

14% 
2% 

Olive Creek 18% 43% 21% 85% 91% 50% 0% 0% 80% 20% ----- ----- 
Pawnee 17% 8% 24% 67% 60% 48% 0% 0% 40% 20% 7% 

11% 
30% 

Stagecoach 25% 0% 0% 56% 60% 29% 4% 0% 0% 0% ----- ----- 
Wagon Train 32% 0% 4% 46% 88% 42% 0% 33% 60% 20% 0% 

8% 
0% 

West Twin 7% 7% 9% 91% 91% 100% 13% 0% 50% 0% ----- ----- 
Yankee Hill 26% 32% 6% 75% 100% 88% 0% 0% 0% 50% ----- ----- 
(1) Total ammonia criteria are pH and temperature dependent.  Percent exceedence based on median pH and temperature conditions and may not represent conditions when total ammonia was measured. 
(2) Total nitrogen criteria defined for R13 and R18 categorized lakes are, respectively, 1.54 and 1.46 mg/l. 
(3) Total phosphorus criteria defined for R13 and R18 categorized lakes are, respectively, 143 and 139 ug/l. 
(4) Chlorophyll a criteria defined for R13 and R18 categorized lakes are, respectively, 16 and 44 ug/l. 
(5) Samples collected at designated swimming beaches or areas of heavy recreational use. 
(6) Criterion is for geometric mean of 5 samples collected within a 30-day period. 
(7) Criterion is for an individual observation. 

 



6.3.2 WATER CLARITY 

Figure 6.47 presents a box plot of Secchi depths recorded at the Papillion and Salt Creek 
Ttibutary Project resetvoirs over the 5-year· period of 2004 through 2008. Bluestem and West Twin 
Resetvoirs had the lowest Secchi depth measurements and Holmes Resetvoir had the greatest. 

Legend 
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75th Percentile 

Median 
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30 -
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Figure 6.47. Box plot of Secchi depths measmed at the Papillion and Salt Creek Tributary Project reservoirs 
dming the 5-year period 2004 tlu·ough 2008. 

6.3.3 TROPmC CONDITION 

Figure 6.48 presents a box plot of Trophic State Index (TSI) values calculated for the Papillion 
and Salt Creek tiibutary resetvoirs. The TSI values ar·e based on Secchi depth, total phosphoms, and 
chlorophyll a levels monitored at the resetvoirs over the 5-year period of2004 through 20086. TSI values 
were calculated as described by Car·lson (1 977). Median TSI values detennined for two resetvoirs (i.e., 
Ed Z01insky and Standing Bear) indicated that they were in a euti·ophic condition. Median TSI values 
for the other resetvoirs (i.e., Glenn Cunningham, Wehrspann, Bluestem, Branched Oak, Conestoga, East 
Twin, Holmes, Olive Creek, Pawnee, Stagecoach, Wagon Train, West Twin, and Yankee Hill) indicate 
that they ar·e in a hypereuti·ophic condition. 
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Figure 6.48. Box plot of Trophic State Index values calculated for the Papillion and Salt Creek Tributaty Project 
reservoirs based on Secchi depth, total phosphoms, and chlorophyll a levels measured in the area 
near the dam over the 5-year period of 2004 through 2008. 

6.3.4 SEDIMENTATION 

Estimated sedimentation at the Papillion and Salt Creek Tributaty Project resetvoirs, as of 2008, 
is presented in Figure 6.49. Figure 6.49 gives the estimated volume loss of the Consetvation plus 
Sediment Pool volume from "as-built" conditions. Some of the resetvoirs do not have a Consetvation 
Pool allocated. In all cases, the pool volume loss represented is the estimated loss of the pool volume 
below the ungated drop inlet crest elevation. 

6.3.5 IMPAIRED WATERBODIES 

The Papillion and Salt Creek Tributaty Project resetvoirs that are believed to be impaired based 
on water quality conditions monitored by the District over the 5-year period of 2004 through 2008 are 
respectively presented in Tables 6.32 and 6.33. The tables list the resetvoir, impaired beneficial use, 
parameters for which water quality critetia are exceeded, and pollutants of concem. lnipaiiments were 
identified by applying the criteria used by the State of Nebraska to develop their 2008 Integrated Water 
Quality Rep01t. It is noted that the "official" detetmination of whether the Papillion and Salt Creek 
Ttibutruy Project resetvoirs ru·e impaired, pursuant to the Federal CWA, is by the State of Nebraska 
pursuant to their Section 305(b) and Section 303(d) assessments compiled in their Integrated Water 
Quality Rep01t (See Table 1.3). 
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Figure 6.49. Estimated volume loss of the Conservation plus Sediment Pool volume (i.e., pool volume below the 

ungated drop inlet crest elevation) from “as-built” conditions as of 2008. 
 
 
 
 
 
 
Table 6.32. Papillion Creek Tributary Project reservoirs which are believed to be impaired based on current water 

quality monitoring data and 2008 impairment assessment criteria identified by the State of Nebraska. 
 

Reservoir Impaired Beneficial Use Criteria Exceeded Pollutant of Concern 
 Ed Zorinsky Aesthetics Chlorophyll a Nutrients 

Aesthetics Chlorophyll a 
Total Phosphorus 

Nutrients  Glen Cunningham* 

Aesthetics Volume Loss Sedimentation 
 Standing Bear Aesthetics Chlorophyll a Nutrients 
 Wehrspann Aesthetics Chlorophyll a 

Total Phosphorus 
Total Nitrogen 

Nutrients 

* A lake renovation project is currently being implemented at Glen Cunningham Reservoir that addresses the 
identified impairments. 
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Table 6.33. Salt Creek Tributary Project reservoirs which are believed to be impaired based on current water 
quality monitoring data and 2008 impairment assessment criteria identified by the State of Nebraska. 

 
Reservoir Impaired Beneficial Use Criteria Exceeded Pollutant of Concern 

Aesthetics Total Phosphorus 
Total Nitrogen 

Nutrients  Bluestem 

Aesthetics Volume Loss Sedimentation 
 Branched Oak Aesthetics Chlorophyll a Nutrients 

Aesthetics Chlorophyll a 
Total Phosphorus 
Total Nitrogen 

Nutrients  Conestoga 

Aesthetics Volume Loss Sedimentation 
Aesthetics Total Phosphorus Nutrients  Holmes 
Aquatic Life pH Nutrients 
Aesthetics Chlorophyll a 

Total Phosphorus 
Total Nitrogen 

Nutrients 

Aquatic Life Ammonia 
Dissolved Oxygen 
pH 

Nutrients 

 Olive Creek 

Aquatic Life Arsenic Arsenic 
Aesthetics Chlorophyll a 

Microcystin 
Total Phosphorus 
Total Nitrogen 

Nutrients  Pawnee 

Aquatic Life Ammonia Nutrients 
Aesthetics Chlorophyll a 

Total Phosphorus 
Total Nitrogen 

Nutrients 

Aesthetics Volume Loss Sedimentation 

 Stagecoach 

Aquatic Life Dissolved Oxygen Nutrients 
Aesthetics Chlorophyll a 

Total Nitrogen 
Nutrients  Twin Lakes 

Aesthetics Volume Loss Sedimentation 
Aesthetics Chlorophyll a 

Total Phosphorus 
Total Nitrogen 

Nutrients  Wagon Train 

Aquatic Life Arsenic Arsenic 
Aesthetics Chlorophyll a 
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6.3.6 WATER QUALITY TRENDS 
 

Water quality trends (i.e., linear regression) observed for transparency (i.e., Secchi Depth), total 
phosphorus, chlorophyll a, and Trophic State Index (TSI) for the period of 1980 through 2008 at the 
Papillion and Salt Creek Tributary Project reservoirs are presented in Table 6.31.  Based on water quality 
monitoring conducted at the near-dam, deepwater ambient monitoring site. 
 
 

Table 6.34. Observable trends in transparency, total phosphorus, chlorophyll a, and trophic state index (TSI) 
based on monitoring conducted over the 29-year period of 1980 through 2008. 

 
Reservoir Transparency Total Phosphorus Chlorophyll a TSI 

Papillion Creek Reservoirs:     
Ed Zorinsky Decreasing None Increasing Increasing 
Glenn Cunningham Decreasing Increasing None Increasing 
Standing Bear None None Increasing None 
Wehrspann Decreasing Decreasing Increasing Increasing 
Salt Creek Reservoirs:     
Bluestem Decreasing Increasing None None 
Branched Oak Decreasing Increasing Increasing Increasing 
Conestoga None Increasing Increasing Increasing 
East Twin None None None None 
Pawnee Increasing Increasing Increasing None 
Stagecoach Decreasing Increasing Decreasing Increasing 
West Twin Decreasing Increasing Decreasing None 
Note: Trends are not given for Holmes, Olive Creek, Wagon Train, and Yankee Hill Reservoirs.  Lake 

renovations projects have recently been completed at these reservoirs.    
 
 



117 NORTH DAKOTA TRIBUTARY PROJECTS II 

Two District Tributruy Projects are located in N01t h Dakota: Bowman-Haley and Pipestem. 
Bowman-Haley Rese1voir is located in southwest No1th Dakota along the South Dakota border (Figure 
1.1 ). Pipestem Rese1voir is located in southeast No1th Dakota (Figure 1.1 ). Table 7.1 gives selected 
enginee1ing data for the Bowman-Haley and Pipestem Projects. 

7.1 BOWMAN-HALEY RESERVOIR 

7.1.1 BACKGROUND INFOR:!VIATION 

7.1.1.1 Project Overview 

The dam fonning Bowman-Haley Rese1voir is located on the No1th Fork of the Grand River, 6 
miles west of Haley, No1th Dakota. The dam was completed in August 1966 and the rese1voir reached its 
initial fill in March 1969. The Bowman-Haley Rese1voir watershed is 446 square miles. The watershed 
was largely agricultural and rangeland when the dam was built in 1966 and has remained so to the present 
time. The autho1ized project purposes of Bowman-Haley Rese1voir are flood control, recreation, fish and 
wildlife, water quality, and water supply. 

7.1.1.2 Bowman-Haley Dam Intake Structure 

The intake stmcture at Bowman-Haley Dam is a shaft with a fixed weir for automatic release of 
water when the rese1voir level rises above elevation 2754.8 ft-msl. The ungated glo1y hole has a crest 
elevation of2754.8 ft-msl. Provision for low-level release of water is by means of a 30-inch gated pipe 
located in the my well part of the intake. A 30-inch diameter slide gate is provided in the wet well as an 
emergency closure of the 30-inch pipe. The inve1t elevation for the low-level gate is 2740.0 ft-msl. 

7.1.1.3 Reservoir Storage Zones 

Two storage zones are provided in the rese1voir, a multiple-purpose zone and a flood control 
zone. The multipmpose zone of 18,765 ac-ft includes storage for water supply, fish and wildlife, and 
recreation. In addition this zone contains space for storing an estimated 100 years of sediment deposition. 
The water supply storage was developed for maximum possible yield from the contributing ffi·ainage 
areas. Figure 7.1 depicts the cmTent storage zones of Bowman-Haley Rese1voir based on the 1984 smvey 
data. 

7.1.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

The State of No1t h Dakota has designated Bowman-Haley Rese1voir as a Class 3 lake in the 
State's water quality standards. The beneficial uses designated for Class I streams are also applicable to 
all classified lakes in No1th Dakota. As such, the beneficial uses designated for Bowman-Haley 
Rese1voir are: primary contact recreation, warmwater fishe1y , wildlife, and ag1i cultural water supply. 
Water quality is also to be suitable for mtmicipal or domestic use after appropriate tr·eatment. The 
rese1voir is not directly used as a mtmicipal or domestic water supply. Pursuant to the Federal CW A, the 
State of No1th Dakota has not listed Bowman-Haley Rese1voir on the State's Section 303(d) list. The 
State of No1th Dakota has issued a statewide fish consumption adviso1y for mercmy. As such, the 
adviso1y applies to Bowman-Haley Rese1voir. 
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Table 7.1. Summary of selected engineering data for the Bowman-Haley and Pipestem Projects.   
 

 Bowman-Haley Reservoir Pipestem Reservoir 
General   
 Dammed Stream North Fork Grand River Pipestem Creek 
 Drainage Area 446 sq. mi. 594 sq. mi. 
 Reservoir Length(1) 2.5 miles 5.5 miles 
 Multipurpose Pool Elevation (Top) 2754.8 ft-msl 1442.4 ft-msl 
 Date of Dam Closure August 1966 July 1973 
 Date of Initial Fill(2) March 1969 May 1974 

“As-Built” Conditions(3) (Project Operation and Maintenance 
Manual) (1973 Survey Data)  

 Lowest Reservoir Bottom Elevation 2715 ft-msl 1407 ft-msl 
 Surface Area at top of Multipurpose Pool 1750 ac 840 
 Capacity to top of Multipurpose Pool 24,060 ac-ft 9,106 ac-ft 

 Mean Depth at top of Multipurpose Pool(4) 13.7 ft 10.8 ft 
Latest Surveyed Conditions (1984 Survey Data) (2002 Survey Data) 
 Lowest Reservoir Bottom Elevation 2721 ft-msl  1414 ft-msl 
 Surface Area at top of Multipurpose Pool 1750 ac 845 ac 
 Capacity of Multipurpose Pool 18,765 8,509 ac-ft 
 Mean Depth at top of Multipurpose Pool(4) 10.7 10.1 ft 
Sediment Deposition in Multipurpose Pool    
 Historic Sediment Deposition(5)  Unknown(9) 597 ac-ft 
 Annual Sedimentation Rate(6) Unknown(9)  1973-2002 19.9 ac-ft/yr 
 Current Estimated Sediment Deposition(7) Unknown(9) 716 ac-ft 
 Current capacity of Multipurpose Pool(8) Unknown(9) 8,390 ac-ft 
 Percent of “As-Built” Multipurpose  Pool capacity 
lost to current estimated sediment deposition Unknown(9) 8% 

Operational Details – Historic  (1970 – 2008) (1975 – 2008) 
 Maximum Recorded Pool Elevation   2762.7 ft-msl 28-Mar-78  1487.0 ft-msl 10-May-97 
 Minimum Recorded Pool Elevation    2723.0 ft-msl 2-Mar-67  1420.1 ft-msl 1-Mar-74 
 Maximum Recorded Daily Inflow  5,310 cfs 27-Mar-78  4,374 cfs 16-Jul-93 
 Maximum Recorded Daily Outflow  2,390 cfs 28-Mar-78  797 cfs 16-Jun-01 
 Average Annual Pool Elevation 2752.8 ft-msl 1446.9 ft-msl 
 Average Annual Inflow 20,381 ac-ft 43,479 ac-ft 
 Average Annual Outflow 15,098 ac-ft 39,693 ac-ft 
 Estimated Retention Time(10) 1.24 Years 0.22 Years 
Operational Details – Current(11)   
 Maximum Recorded Pool Elevation    2751.7 ft-msl 16-Jun-08  1447.0 ft-msl 4-Jul-08 
 Minimum Recorded Pool Elevation    2750.0 ft-msl 30-Sep-08  1442.3 ft-msl 9-Sep-08 
 Maximum Recorded Daily Inflow  87 cfs 5-Jun-08  479 cfs 12-Jun-08 
 Maximum Recorded Daily Outflow  6 cfs 25-Oct-08  68 cfs 23-May-08 
 Total Inflow  (% of Average Annual)  3,679 ac-ft (18%)  12,982 ac-ft (30%) 
 Total Outflow  (% of Average Annual)  1,743 ac-ft (12%)  10,895 ac-ft (27%) 
Outlet Works   
 Ungated Outlets  Glory Hole 2754.8 ft-msl  Drop Inlet 1442.5 ft-msl 
 Gated Outlets (Mid-depth)    2) 4’x 7’ Service Gates 

 Gated Outlets (Low-level)  1) 30”  Dia. Gate Valve 2740.0 ft-msl  1) 3’x 3’ Slide Gate 1433.0 ft-msl 
 1) 3’ Dia. Gate Valve 1415.0 ft-msl 

(1) Reservoir length at top of conservation pool. 
(2) First occurrence of reservoir pool elevation to top of multipurpose pool elevation. 
(3) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed. 
(4) Mean Depth = Volume ÷ Surface Area. 
(5) Difference in reservoir storage capacity to top of Multipurpose Pool between “as-built” and latest survey. 
(6) Annualized rate based on historic accumulated sediment. 
(7) Current accumulated sediment estimated from historic annual sedimentation rate. 
(8) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation. 
(9) Estimating “as-built” conditions from O&M manual not deemed reliable. 
(10) Estimated Retention Time = Multipurpose Pool Volume ÷ Average Annual Outflow.  
(11) Current operational details are for the water year 1-Oct-2007 through 30-Sep-2008. 
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Figure 7.1. Cmrent storage zones of Bowman-Haley Reservoir based on the 1984 smvey data .. 

7.1.1.5 Historic Water Quality Concerns 
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Historic water quality data collection indicated that Bowman-Haley had extremely poor water 
quality with numerous exceedences of State water quality standards. Some authorized project purposes 
could not be met because of poor water quality. Due to the documented poor water quality, a public 
meeting was held in Bowman, N01t h Dakota on Aptil 8, 1985 to discuss procedures that might be 
employed to improve water quality in the resetvoir. Installing a lower low-level outlet to release water 
from the bottom of the resetvoir was discussed. 

7.1.1.6 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Bowman-Haley Resetvoir since the 
1970's. Water quality monitoring locations have included sites on the resetvoir and on the inflow and 
outflow of the resetvoir. Recently, the Distiict has scaled back water quality monit01ing at Bowman
Haley Resetvoir, and is targeting to monitor the resetvoir evety 3 years. Figure 7.2 shows the location of 
the sites that are targeted for cunent water quality monit01ing. During the past 5 years, the Distiict 
conducted water quality monit01ing at Bowman-Haley Resetvoir in 2004. 

7.1.2 EXISTING WATER QUALITY CONDITIONS 

7.1.2.1 Statistical Summary and Comparison to Numeric Water Qualitv Standards Criteria 

Water quality conditions that were monitored in Bowman-Haley Resetvoir at sites BOWLKNDl, 
BOWLKMLNl, and BOWLKMLSl from May through September dming the 10-year period 1999 
through 2008 are smnmarized, respectively, in Plates 254 through 256. A review of these results 
indicated possible water quality concems regarding sulfate. 
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Figure 7.2. Location of sites where water quality monitoring was conducted at Bowman-Haley Reservoir during the period 1999 through 2004. 



No1th Dakota 's water quality standards defme a c1iterion of 250 mg/1 for sulfates (total as S04) 

which is applicable to Class I Streams including lakes. As such this crite1ion is applicable to Bowman
Haley Rese1voir. The sulfate criterion was exceeded in all 23 samples collected from Bowman-Haley 
Rese1voir for which sulfate was measured. The high sulfate levels are believed to be a natural condition 
attributable to the soils of the region. 

7.1.2.2 Thermal Stratification 

Existing summer the1mal stratification of Bowman-Haley Rese1voir, at the deep water area near 
the dam, is desc1ibed by the depth-profile temperature plots measured over the past 10 years. Depth
profile temperature plots measured during the summer were compiled (Plate 257). The plotted depth
profile temperature measurements indicate that the rese1voir seldom exhibits significant summer the1mal 
stratification (Plate 257). Since Bowman-Haley Rese1voir ices over in the winter and seemingly exhibits 
periodic circulation during the summer, it appears to fit the defmition of a cold polymictic lake (Wetzel, 
2001). 

7.1.2.3 Summer Dissolved Oxvgen Conditions 

Existing summer dissolved oxygen conditions in Bowman-Haley Rese1voir at the deep water area 
near the dam are described by dissolved oxygen depth-profiles measured over the past 10 years. 
Dissolved oxygen depth-profiles measured during the summer were compiled and plotted (Plate 258). 
Only rarely was a significant ve1tical gradient in summer dissolved oxygen levels apparent (Plate 258). 

7.1.2.4 Water Clarity 

Figure 7.3 displays a box plot of the Secchi depth transparencies measured at the three in
reseivoir monitoring sites (i.e., BOWLKND1, BOWLKMLN1, and BOWLKMLS1) during the 2002 
through 2004 period (note: the monitoring sites are oriented in an upstream to downstream direction). 
Water clarity in the rese1voir was highest in the n01th a1m and lowest in the south a1m; while the area near 
the dam was inte1mediary (Figure 7.2). An indication of the differing water clarity in the two a1ms of the 
rese1voir can be seen in the 2006 aerial photo of the rese1voir (Figure 7. 1). 
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Figure 7.3. Box plot of Secchi depth transparencies measmed in Bowman-Haley Reservoir dming the period 
2002 through 2004. 
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7.1.2.5 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Bowman-Haley 
Reservoir during the summer were compared.  Near-surface conditions were represented by samples 
collected within 1-meter of the reservoir surface, and near-bottom conditions were represented by samples 
collected within 1-meter of the reservoir bottom.   The compared samples were collected at the near-dam 
site BOWLKND1 during the 6-year period 1999 through 2004.  During the 6-year period a total of 16 
paired samples were collected monthly during the summer.  Box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (16), 
dissolved oxygen (16), oxidation-reduction potential (3), pH (16), alkalinity (11), total organic carbon (5), 
total Kjeldahl nitrogen (10), total ammonia (7), and total phosphorus (11) (Plate 259).  [Note: the number 
in parentheses is the number of paired observations available for each parameter].   A paired two-tailed 
t-test was used to determine if the sampled near-surface and near-bottom conditions for the paired 
samples were significantly different (α = 0.05).  The sampled near-surface and near-bottom conditions 
were not significantly different for oxidation-reduction potential, alkalinity, total organic carbon, total 
Kjeldahl nitrogen, total ammonia, and total phosphorus.  Parameters that were significantly lower in the 
near-bottom water of Bowman-Haley Reservoir during the summer included: water temperature (p < 
0.01), dissolved oxygen (p < 0.01), and pH (p < 0.01). 
 
7.1.2.6 Reservoir Trophic Status 
 

Trophic State Index (TSI) values for Bowman-Haley Reservoir were calculated from monitoring 
data collected during the 6-year period 1999 through 2004 at the near-dam ambient monitoring site (i.e., 
BOWLKND1).  Table 7.2 summarizes the TSI values calculated for the reservoir.  The TSI values 
indicate that the near-dam lacustrine area of Bowman-Haley Reservoir is in a eutrophic condition.  Based 
on the State of North Dakota’s impairment assessment methodology, the TSI values indicated that the 
trophic conditions of Bowman-Haley Reservoir fully support aquatic life and recreation. 
 

 

7.1.3 WATER QUALITY TRENDS (1980 THROUGH 2004) 
 

Water quality trends from 1980 to 2004 were determined for Bowman-Haley Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., BOWLKND1).  Plate 260 displays 
a scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, Bowman-Haley Reservoir exhibited an increasing trend in transparency, and decreasing trends in 
total phosphorus, and chlorophyll a.  Over the 25-year period since 1980, Bowman-Haley Reservoir has 
seemingly improved from a borderline hypereutrophic to a eutrophic condition (Plate 260). 

Table 7.2. Summary of Trophic State Index (TSI) values calculated for Bowman-Haley Reservoir for the 6-year 
period of 1999 through 2004. 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 25 62 62 49 81 
TSI(TP) 26 61 61 48 69 
TSI(Chl) 10 55 58 40 81 
TSI(Avg) 30 60 60 48 70 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
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7.1.3.1.1 Existing Water Quality Conditions of Inflows to Bowman-Haley Hill Reservoir 
 

Existing water quality conditions in the main tributary inflows to Bowman-Haley Reservoir were 
monitored at four sites BOWNFAKCK1, BOWNFAKWD1, BOWNFNFGR1, and BOWNFSPCK1 
(Figure 7.2).  Plates 261 through and 264, respectively, summarize water quality conditions that were 
monitored at sites BOWNFAKCK1, BOWNFAKWD1, BOWNFNFGR1, and BOWNFSPCK1 during the 
period 1999 through 2002.  
 
7.2 PIPESTEM RESERVOIR 
 
7.2.1 BACKGROUND INFORMATION 

 
7.2.1.1 Project Overview 

 
The dam forming Pipestem Reservoir is located on Pipestem Creek, 3 miles northwest of 

Jamestown, North Dakota.  The dam was completed in July 1973 and the reservoir reached its initial fill 
in May 1974.  The Pipestem Reservoir watershed is 594 square miles.  The watershed was largely 
agricultural and rangeland when the dam was built in 1974 and has remained so to the present time.  The 
authorized project purposes of Pipestem Reservoir are flood control, recreation, fish and wildlife, and 
water quality. 

 
7.2.1.2 Pipestem Dam Intake Structure 
 

The intake at Pipestem Dam is an ungated drop inlet with a weir elevation of 1442.4 ft-msl.  The 
intake structure has two 4 feet x 7 feet hydraulic slide service gates and two low-level gates.  The two 
low-level gates are a 3 foot x 3 foot slide gate at invert elevation 1433.0 ft-msl, and a 3 foot diameter slide 
gate at invert elevation 1415.0 ft-msl.  Since the top of the multipurpose pool is also the crest of the 
ungated weir, no specific regulation of water levels of the multipurpose pool is required.  Regulation for 
conservation will normally be automatic in that the incoming water will flow over the weir crest.  The two 
low-level gates allow for the release of water from the multipurpose pool.  The higher outlet is designed 
to meet water quality and downstream requirements.  The lower outlet is provided for emergency 
drainage of the reservoir but may also be used for other purposes. 

 
7.2.1.3 Reservoir Storage Zones 
 

Figure 7.4 depicts the current storage zones of Pipestem Reservoir based on the 2002 survey data 
and estimated sedimentation.  It is estimated that 8 percent of the “as-built” volume to the top of the 
Multipurpose Pool has been lost to sedimentation as of 2008.  The annual volume loss is estimated to be 
0.23 percent.  

 
7.2.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 

Advisories  
 
The State of North Dakota has designated Pipestem Reservoir as a Class 3 lake in the State’s 

water quality standards.  The beneficial uses designated for Class I streams are also applicable to all 
classified lakes in North Dakota.  As such, the beneficial uses designated for Pipestem Reservoir are: 
primary contact recreation, warmwater fishery, wildlife, and agricultural water supply.  Water quality is 
also to be suitable for municipal or domestic use after appropriate treatment.  The reservoir is not directly 
used as a municipal or domestic water supply. 
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Figure 7.4. Cunent storage zones of Pipestem Reservoir based on the 2002 survey data and estimated 
sedimentation. 

Pursuant to the Federal CWA, the State of No1th Dakota has listed Pipestem Rese1voir on the 
State 's 2008 Section 303(d) list (see Table 1.3). The beneficial use identified as fully suppo1ted but 
threatened is recreation. The impairment of the use is attributed to nutrients and eutrophication. The 
development of a TDML for Pipestem Rese1von· has been given a high priority rating. The State ofNo1t h 
Dakota has issued a statewide fish consumption adviso1y for mercUiy. As such, the mercUiy adviso1y 
applies to Pipestem Rese1voir. 

7.2.1.5 Historic Water Quality Concerns 

Following the initial fill of the multipurpose pool in 1974 and prior to the spring nmoffin 1975, 
water quality measurements indicated severe oxygen depletions existed in the rese1von· under the ice 
cover. FUither investigations confi1med that elevated levels of nitrogen, phosphorus, and organic matter 
occUlTed near the bottom of the rese1von·. In an effort to ilnprove the recreational and fish and wildlife 
quality of the rese1voir, a sluicing operation was conducted using the lower low-level outlet to draw off 
the poor quality water near the rese1von· bottom. The decision was made to proceed with this operation 
after it was dete1mined that the impending snowmelt nmoff would fill the rese1voir to the multipUipose 
pool. The low-level releases were monitored during the operation, and it was fmmd that the released 
water was rapidly oxygenated and did not cause any adverse affects downstream. 

CUITent operations at Pipestem dam include keeping the lower low-level gate open dUiing pe1iods 
when water is flowing over the crest of the drop inlet structure in an effo1t to draw some water from the 
rese1von· bottom and improve the water quality in the rese1voir. It appears this may also be facilitating 
the passage of sediment through the dam and reducing sedimentation within the rese1voir. Sedilnent 
sUiveys conducted by the District in 1990 and 2002 indicate that sedimentation near the dam has 
remained at the elevation of the low-level gate (Table 7.1 and Figure 7 .4). 
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7.2.1.6 Ambient Water Quality Monitoring 
 

The District has monitored water quality conditions at Pipestem Reservoir since the late 1970’s.  
Water quality monitoring locations have included sites on the reservoir and on the inflow and outflow of 
the reservoir.  Recently, the District has scaled back water quality monitoring at Pipestem Reservoir, and 
is targeting to monitor the reservoir every 3 years.  Figure 7.5 shows the location of the sites that were 
monitored during the 10-year period 1999 through 2008.  During the past 10 years, the District conducted 
water quality monitoring at Pipestem Reservoir in 1999 - 2004, and 2007. 

 
7.2.2 EXISTING WATER QUALITY CONDITIONS  
 
7.2.2.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Pipestem Reservoir at sites PIPLKND1, 
PIPLKML1, and PIPLKUP1 from May through September during the period 1999 through 2007 are 
summarized, respectively, in Plates 265 through 267.  A review of these results indicated possible water 
quality concerns regarding sulfates. 

 
North Dakota’s water quality standards define a criterion of 250 mg/l for sulfates (total as SO4) 

which is applicable to Class I Streams including lakes.  As such this criterion is applicable to Pipestem 
Reservoir.  The sulfate criterion was exceeded throughout Pipestem Reservoir (Plates 265 - 267).  The 
high sulfate levels are believed to be a natural condition attributable to the soils of the region. 

 
7.2.2.2 Thermal Stratification 
 
7.2.2.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Pipestem Reservoir measured during 2007 are 
depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  Plate 
268 provides longitudinal temperature contour plots based on depth-profile temperature measurements 
taken from May through September at sites PIPLKND1 and PIPLKML1 in 2007.  These temperature 
plots indicate that Pipestem Reservoir exhibited some thermal stratification during 2007.  The maximum 
difference monitored between the surface and bottom water temperatures during 2007 was 5°C in July 
(Plate 268). 
 
7.2.2.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Pipestem Reservoir, at the deep water area near the 
dam, measured over the 9-year period 1999 through 2007 is depicted by depth-profile temperature plots 
(Plate 269).  The depth-profile temperature plots indicate that the reservoir regularly exhibited significant 
summer thermal stratification over the past 10 years.  Since Pipestem Reservoir ices over in the winter 
and seemingly exhibits periodic circulation during the summer, it appears to fit the definition of a cold 
polymictic lake (Wetzel, 2001). 
 

 
 



Figure 7 .5. Location of sites where water quality monitoring was conducted at Pipestem Reservoir during the period 1999 tlu·ough 2007. 
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7.2.2.3 Summer Dissolved Oxygen Conditions 
 
7.2.2.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Pipestem Reservoir based 
on depth-profile measurements taken during 2007 at sites PIPLKND1 and PIPLKML1.  Plate 270 
provides longitudinal dissolved oxygen contour plots based on depth-profile measurements taken from 
May through September in 2007.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were monitored 
along the reservoir bottom near the dam (Plate 270). 
 
7.2.2.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Pipestem Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 9-year period 1999 through 2007.  
Summer dissolved oxygen depth-profiles were compiled and plotted for the 9 years (Plate 271).  On most 
occasions there was a significant vertical gradient in summer dissolved oxygen levels.  Hypoxic to anoxic 
conditions were monitored near reservoir bottom on several occasions (Plate 271).  Although Pipestem 
Reservoir appears to be polymictic based on thermal stratification, there seems to be enough inhibition to 
mixing to allow degraded dissolved oxygen conditions to develop near the reservoir bottom. 
 
7.2.2.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Pipestem Reservoir with low dissolved oxygen conditions was estimated from the 
longitudinal dissolved oxygen contour plots constructed for 2007 and the District’s current Area-Capacity 
Tables (2002 Survey) for the reservoir.  The constructed contour plots were reviewed to identify the 
“worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the contour plot 
with the highest elevations of the 5 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 16, 2007 
contour plot indicates a pool elevation of 1258.6 ft-msl, a 5 mg/l dissolved oxygen isopleth elevation of 
about 1445.0 ft msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 1435 ft-msl (Plate 270).  
The District’s Area-Capacity Tables give storage capacities of 29,625 ac-ft for elevation 1458.6 ft-msl, 
10,580 ac-ft for elevation 1445.0 ft-msl, and 3,512 ac-ft for elevation 1435.0 ft-msl.  On June 16, 2007 it 
is estimated that 36 percent of the volume of Pipestem Reservoir was less than the 5 mg/l dissolved 
oxygen criterion for the protection of aquatic life, and 12 percent of the reservoir volume was hypoxic. 
 
7.2.2.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Pipestem Reservoir indicated hypoxic conditions 
were present during the summer of 2007, longitudinal contour and depth-profile plots were constructed 
for ORP and pH.  Near-surface and near-bottom water quality samples collected when hypoxia was 
present were also compared. 
 
7.2.2.4.1 Oxidation-Reduction Potential 
 

Plate 272 provides longitudinal ORP contour plots based on depth-profile measurements taken in 
2007.  The ORP values indicated “slightly” reduced conditions occurred near the reservoir bottom on the 
two occasions when hypoxic conditions were monitored (July 16 and August 13, 2007) (Plate 272).   
Plate 273 plots depth profiles for ORP measured during the summer over the 4 year period 2003 through 
2007 in the deep water area of Pipestem Reservoir near the dam.  The ORP depth profiles indicate that 
appreciable reduced conditions occasionally occurred in Pipestem Reservoir during the summer. 
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7.2.2.4.2 pH 
 

Longitudinal contour plots for pH conditions measured in 2007 are provided in Plate 274.   Plate 
275 plots depth profiles for pH measured during the summer over the 9-year period 1999 through 2007 in 
the deep water area of Pipestem Reservoir near the dam.  An appreciable vertical gradient in pH 
occasionally occurred in the reservoir during the summer (Plates 274 and 275).  It appears occasional 
reduced conditions in the deeper water of Pipestem Reservoir seemingly lead to lower pH levels near the 
reservoir bottom.  The lowest measured pH levels near the reservoir bottom were above the lower pH 
criterion of 7.0 for the protection of aquatic life. 
 
7.2.2.4.3 Comparison of Near-Surface and Near-Bottom Water Quality Conditions 
 

Paired near-surface and near-bottom water quality samples collected from Pipestem Reservoir 
during the summer when hypoxia was present were compared.  Near-surface conditions were represented 
by samples collected within 1-meter of the reservoir surface, and near-bottom conditions were represented 
by samples collected within 1-meter of the reservoir bottom.   The compared samples were collected at 
the near-dam site PIPLKND1 during the 9-year period 1999 through 2007.  During the 9-year period a 
total of 35 paired samples were collected monthly from May through September.  Of the 35 paired 
samples collected, 15 (43%) had near-bottom samples with less than 2.5 mg/l dissolved oxygen.  For the 
paired samples with hypoxic near-bottom conditions, box plots were constructed to display the 
distribution of measured water quality conditions for the following parameters: water temperature (15), 
dissolved oxygen (15), oxidation-reduction potential (5), pH (14), alkalinity (8), total ammonia (6), 
nitrate-nitrate nitrogen (8), total phosphorus (8), and orthophosphorus (8) (Plate 276) [Note: the number 
in parentheses is the number of paired observations available for each parameter].  A paired two-tailed t-
test was used to determine if the sampled near-surface and near-bottom conditions for the paired samples 
were significantly different (α = 0.05).  The sampled near-surface and near-bottom conditions were not 
significantly different for oxidation-reduction potential, nitrate-nitrite nitrogen, alkalinity, or total 
phosphorus.  Parameters that were significantly lower in the near-bottom water of Pipestem Reservoir 
when hypoxia was present included: water temperature (p < 0.0001), dissolved oxygen (p < 0.0001) and 
pH (p < 0.0001).  Parameters that were significantly higher in the near-bottom water of Pipestem 
Reservoir when hypoxia was present included: total ammonia (p <0.05) and orthophosphorus (p<0.01). 
 
7.2.2.5 Water Clarity 
 
7.2.2.5.1 Secchi Transparency 
 

Figure 7.6 displays a box plot of the Secchi depth transparencies measured at the three in-
reservoir monitoring sites (i.e., PIPLKUP1, PIPLKML1, and PIPLKND1) during the 9-year period 1999 
through 2007 (note: the monitoring sites are oriented in an upstream to downstream direction).  Water 
clarity in the reservoir was noticeably higher near the dam as compared to sites farther upstream (Figure 
7.6)  

 
7.2.2.5.2 Turbidity 

 
Turbidity contour plots were constructed along the length of Pipestem Reservoir based on depth-

profile measurements taken during 2007.  Plate 277 provides longitudinal turbidity contour plots based on 
depth-profile measurements taken from May through September at sites PIPLKND1 and PIPLKML1.  
Pipestem Reservoir occasionally exhibited longitudinal and depth variability in turbidity. 
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Figure 7.6. Box plot of Secchi depth transparencies measmed in Pipestem Reservoir dming the period 1999 
through 2007. 

7 .2.2.6 Reservoir Trophic Status 

Trophic State Index (TSI) values for Pipestem Resetvoir were calculated from monitoring data 
collected during the 9-year period 1999 through 2007 at the near-dam ambient monit01ing site (i.e., 
PIPLKND1). Table 7.3 summatizes the TSI values calculated for the resetvoir. The TSI values indicate 
that the near-dam lacusuine area of Pipestem Resetvoir is in a euu·ophic to hypereuu·ophic condition. 
Based on the State of North Dakota's impairment assessment cti teria, the TSI values indicate that the 
aquatic life and recreation uses of Pipestem Resetvoir are likely impaired. 

Table 7.3. Summary of Trophic State Index (TSI) values calculated for Pipestem Reservoir for the 9-year period 
of 1999 through 2007. 

TSI* No. of Obs. Mean Median Minimum Maximum 

TSI(SD) 35 57 60 42 70 

TSI(TP) 34 77 77 66 86 

TSI(Chl) 24 64 63 40 83 

TSI(Avg) 35 66 66 55 75 

* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 
a measurements. TSI(Avg) is the average ofTSI values. 

Note: See Section 4.1.3 for discussion of TSI calculation . 
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7.2.3 WATER QUALITY TRENDS (1980 THROUGH 2007) 
 

Water quality trends from 1980 to 2007 were determined for Pipestem Reservoir for transparency 
(i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The assessment was 
based on near-surface sampling of water quality conditions in the reservoir during the months of May 
through October at the near-dam monitoring site (i.e., PIPLKND1).  Plate 278 displays a scatter-plot of 
the collected data for the four parameters and a linear regression line.  For the assessment period, 
Pipestem Reservoir exhibited an increasing trend in total phosphorus and little to no trend in transparency 
and chlorophyll a.  Over the 25-year period since 1980, Pipestem Reservoir has remained in a eutrophic 
to hypereutrophic condition (Plate 278).  

 
7.2.4 EXISTING WATER QUALITY CONDITIONS OF INFLOWS TO PIPESTEM RESERVOIR 
 

Existing water quality conditions in the main tributary inflow to Pipestem Reservoir were 
monitored on Pipestem Creek at site PIPNF1 (Figure 7.5).  Plate 279 summarizes water quality conditions 
that were monitored at site PIPNF1 during the period 1999 through 2001.  

 



lis SOUTH DAKOTA TRIBUTARY PROJECTS II 

Two Distiict Tributaty Projects are located in South Dakota : Cold Brook and Cottonwood 
Sptings. Both Cold Brook and Cottonwood Springs resetvoirs are located in southwest South Dakota in 
the Black Hills area near Hot Springs, South Dakota (Figure 1.1 ). Table 8.1 gives selected engineering 
data for the Cold Brook and Cottonwood Springs Projects. 

8.1 COLD BROOK RESERVOIR 

8.1.1 BACKGROUND I NFOR:!VIATION 

8.1.1.1 Project Overview 

The dam forming Cold Brook Resetvoir is located on Cold Brook Creek, approximately 1-mile 
upsu·eam from its confluence with the Fall River, and 2 miles n01th of Hot Springs, South Dakota. The 
dam was completed in September 1952 and the resetvoir reached its initial fill in June 1963. The Cold 
Brook Resetvoir watershed is 70.5 square miles. The watershed was largely rangeland and forested when 
the dam was built in 1952 and has remained so to the present time. The authorized project purposes of 
Cold Brook Resetvoir are flood conu·ol, recreation, fish and wildlife, and water quality. 

8.1.1.2 Cold Brook Dam Intake Structure 

The intake stiucture at Cold Brook Dam is a circular (6.67 ft inside diameter) freestanding tower 
of reinforced concrete having an ungated bell-mouthed enu·ance. Supp01ted on four butu·ess-type spread 
footings, the tower stands in the deepest pa1t of the resetvoir, about 70 feet upsu·eam from the toe of the 
dam. The crest of the bell-mouthed enu·ance is at elevation 3600.0 ft-msl. Four p01t openings, each 1.2 
high by 3.0 feet wide, are spaced evenly around the periphety of the vettical tower at elevation 3585.0 ft
msl, which is the upper limit of the consetvation pool. Lowering of the surface of the consetvation pool 
to a minimum elevation of 3548 ft-msl is accomplished by manual control of three 12-inch gate values 
located in the footings of the tower which discharge through the openings into the conduit. 

Three 8-inch diameter inlets were originally provided at elevations 3580.0, 3560.0, and 3548.0 ft
msl as intakes for the La!vie Lake supply line. The inlets were modified in 1978 to enhance the water 
supply to Latvie Lake. The lowest inlet (i.e., elevation 3548.0 ft-msl) was located on the bottom of the 
resetvoir and was abandoned due to the excessive amount of silts that were captured by the inlet and 
passed to Lruvie Lake. Inlet covers were placed on both faces of the inlet at this elevation to seal the 
opening. Similar inlet covers were placed on the left side of the sti11cture legs over the inlets at 3580.0 
and 3560.0 ft-msl. Slide gates were placed over the right side of the inlet openings. A gate stem was 
extended from the gates to the grating deck where a gate lift mechanism was constiucted to the stiucture 
leg. 

8.1.1.3 Reservoir Storage Zones 

Figure 8.1 depicts the cunent storage zones of Cold Brook Resetvoir based on 1972 
computations. The Distiict has not conducted sediment smveys at Cold Brook Resetvoir ; therefore, the 
cmTent amount of sedimentation has not been estimated and is unknown. 
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 Table 8.1. Summary of selected engineering data for the Cold Brook and Cottonwood Springs Projects.   
 

 Cold Brook Reservoir Cottonwood Springs Reservoir 
General   
 Dammed Stream Cold Brook Creek Cottonwood Springs Creek 
 Drainage Area 70.5 sq. mi. 26 sq. mi. 
 Reservoir Length(1) 1.2 miles 0.6 miles 
 Multipurpose Pool Elevation (Top) 3585.0 ft-msl 3875.0 ft-msl 
 Date of Dam Closure September 1952 May 1969 
 Date of Initial Fill(2) June 1963 Not yet reached 
“As-Built” Conditions(3) (1972 Computations) (1971 Computations) 
 Lowest Reservoir Bottom Elevation 3539 ft-msl 3839 ft-msl 
 Surface Area at top of Multipurpose Pool 36 ac 44 ac 
 Capacity to top of Multipurpose Pool 520 ac-ft 655 
 Mean Depth at top of Multipurpose Pool(4) 14.4 ft 14.9 ft 
Latest Surveyed Conditions (1972 Computations) (1971 Computations) 
 Lowest Reservoir Bottom Elevation 3539 ft-msl 3839 ft-msl 
 Surface Area at top of Multipurpose Pool 36 ac 44 ac 
 Capacity of Multipurpose Pool 520 ac-ft 655 
 Mean Depth at top of Multipurpose Pool(4) 14.4 ft 14.9 ft 
Sediment Deposition in Multipurpose Pool    
 Historic Sediment Deposition(5)  Unknown(9) Unknown(9) 
 Annual Sedimentation Rate(6) Unknown(9) Unknown(9) 
 Current Estimated Sediment Deposition(7) Unknown(9) Unknown(9) 
 Current capacity of Multipurpose Pool(8) Unknown(9) Unknown(9) 
 Percent of “As-Built” Multipurpose  Pool capacity 
lost to current estimated sediment deposition Unknown(9) Unknown(9) 

Operational Details – Historic  (1964 – 2008) (1973 – 2008) 
 Maximum Recorded Pool Elevation   3585.6 ft-msl 20-Jun-99  3872.7 ft-msl 23-Mar-00 
 Minimum Recorded Pool Elevation    3565.9 ft-msl 1-Aug-53  3832.4 ft-msl 30-Sep-89 
 Maximum Recorded Daily Inflow  74 cfs 14-Jul-62  52 cfs 20-Aug-93 
 Maximum Recorded Daily Outflow  19 cfs 4-Jul-99 No Outflow 
 Average Annual Pool Elevation 3580.6 ft-msl 3848.0 ft-msl 
 Average Annual Inflow 670 ac-ft 33 ac-ft 
 Average Annual Outflow 570 ac-ft No Outflow 
 Estimated Retention Time(10) 0.91 Years ----- 
Operational Details – Current(11)   
 Maximum Recorded Pool Elevation    3584.0 ft-msl 10-Apr-08  3843.5 ft-msl 1-Oct-07 
 Minimum Recorded Pool Elevation    3580.0 ft-msl 4-Oct-07  3840.3 ft-msl 30-Sep-08 
 Maximum Recorded Daily Inflow  2 cfs 1-Jul-08 < 1 cfs 
 Maximum Recorded Daily Outflow  1 cfs 17-Apr-08 No Outflow 
 Total Inflow  (% of Normal)  328 ac-ft (49%)  1 ac-ft (3%) 
 Total Outflow  (% of Normal)  152 ac-ft (27%) No Outflow 
Outlet Works   

 Ungated Outlets  Drop Inlet 3585.0 ft-msl  Drop Inlet 
 3875.0 ft-msl 

 Gated Outlets (Mid-depth)  1) 8”  Dia. Slide Gate 3580.0 ft-msl 
 1) 8”  Dia. Slide Gate 3560.0 ft-msl  1) 3’x 3’ Slide Gate 3868.0 ft-msl 

 Gated Outlets (Low-level)  3) 12” Gate Valves  3548.0 ft-msl   
(1) Reservoir length at top of conservation pool. 
(2) First occurrence of reservoir pool elevation to top of multipurpose pool elevation. 
(3) “As-Built” conditions taken to be the conditions present when the reservoir was first surveyed. 
(4) Mean Depth = Volume ÷ Surface Area. 
(5) Difference in reservoir storage capacity to top of Multipurpose Pool between “as-built” and latest survey. 
(6) Annualized rate based on historic accumulated sediment. 
(7) Current accumulated sediment estimated from historic annual sedimentation rate. 
(8) Current capacity of Multipurpose Pool = “As-Built” Multipurpose Pool capacity - Estimated Current Sedimentation. 
(9) Unable to calculate accumulated sediment and sediment deposition rates because no bathymetric surveys conducted on either 

reservoir. 
(10) Estimated Retention Time = Multipurpose Pool Volume ÷ Average Annual Outflow.  
(11) Current operational details are for the water year 1-Oct-2005 through 30-Sep-2008. 
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Figure 8.1. Cunent storage zones of Cold Brook Reservoir based on the 1972 computations. 

8.1.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

As identified in the State of South Dakota's water quality standards, the following beneficial uses 
are designated for Cold Brook Rese1voir: recreation (inunersion and limited contact), coldwater 
pe1manent fish life propagation, fish and wildlife propagation, stock wate1ing, and domestic water supply. 
The rese1voir is not directly used as a municipal or domestic water supply. Pursuant to the Federal CWA, 
the State of South Dakota has listed Cold Brook Rese1voir on the State's 2008 Section 303(d) list (see 
Table 1.3). The beneficial use identified as impaired is coldwater pe1m anent fish life. The impairment of 
the use is attlibuted to natural wa1ming of water temperatures. The State of South Dakota has not issued a 
fish consumption adviso1y for the rese1voil'. 

8.1.1.5 Ambient Water Quality Monitoring 

The District has monitored water quality conditions at Cold Brook Rese1voir· since the 1970's. 
Water quality monito1ing locations have included sites on the reservoir· and on the inflow and outflow of 
the rese1voir·. Recently, the District has scaled back water quality monito1ing at Cold Brook Rese1voir·, 
and is targeting to monitor the rese1voir· eve1y 3 years. Cold Brook Rese1voir· was last monitored in 2008. 
Figure 8.2 shows the location of the sites that monitored dming the 9-year pe1iod 2000 through 2008. 
During that period water quality monito1ing was conduct in the years 2000 - 2003, 2005, and 2008. 
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Figure 8.2. Location of sites where water quality monitoring was conducted at Cold Brook Reservoir during the 
period 2000 through 2008. 
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8.1.2 EXISTING WATER QUALITY CONDITIONS  
 
8.1.2.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 
 

Water quality conditions that were monitored in Cold Brook Reservoir at sites CODLKND1, 
CODLKML1, and CODLKUP1 from May through September during the 9-year period 2000 through 
2008 are summarized, respectively, in Plates 280 through 282.  A review of these results indicated 
possible water quality concerns regarding water temperature, dissolved oxygen, and arsenic. 
 

The temperature criterion of 65° F (18.3°C) for the protection of coldwater permanent fish life 
propagation was exceeded by over 70 percent of measurements taken in Cold Brook Reservoir.  It is 
noted that if the reservoir were classified for the protection of coldwater marginal fish life propagation the 
criterion of 75°F (23.8°C) would have been exceeded by less than 30% of the measurements.  The 
temperature criterion of 80°F (26.6°C) for the protection of warmwater permanent fish life propagation 
would not have been exceeded at any time.   Ambient water temperatures in Cold Brook Reservoir do not 
appear to be cold enough to support coldwater permanent fish life propagation as defined by State water 
quality standards criteria.  Consideration should be given to reclassify Cold Brook Reservoir for either 
coldwater marginal fish life propagation or warmwater permanent fish life propagation use based on a use 
attainability assessment of “natural conditions” regarding ambient water temperatures. 

 
Dissolved oxygen criteria were exceeded by less than 10 percent of the dissolved oxygen 

measurements taken in Cold Brook Reservoir.  The lower dissolved oxygen concentrations occurred in 
the deeper part of the measured depth profile and were associated with a temperature gradient.  The lower 
dissolved oxygen concentrations in the deeper water of Cold Brook Reservoir may be a concern if a 
coldwater fishery is to be supported.  Water temperatures appear marginal in Cold Brook Reservoir for 
supporting a coldwater fishery, and the colder water that occurs in the reservoir during the summer is in 
the deeper portions where the lower dissolved oxygen levels occur. 

 
The arsenic human health criterion for surface waters was exceeded by all of the arsenic 

measurements sampled in Cold Brook Reservoir.  The arsenic criterion for human health protection is 
extremely low (i.e., 0.018 ug/l), and the measured arsenic levels were well below the criteria for the 
protection of aquatic life. 

 
8.1.2.2 Thermal Stratification 
 
8.1.2.2.1 Longitudinal Temperature Contour Plots 
 

Late-spring and summer thermal conditions of Cold Brook Reservoir measured during 2008 are 
depicted by longitudinal temperature contour plots constructed along the length of the reservoir.  Plate 
283 provides longitudinal temperature contour plots based on depth-profile temperature measurements 
taken from May through September at sites CODLKND1, CODLKML1, and CODLKUP1 in 2008.  
These temperature plots indicate that Cold Brook Reservoir exhibited some thermal stratification during 
2008.  The maximum difference monitored between the surface and bottom water temperatures during 
2008 was 6°C in June and July (Plate 283). 
 
8.1.2.2.2 Near-Dam Temperature Depth-Profile Plots 
 

Existing summer thermal stratification of Cold Brook Reservoir, at the deep water area near the 
dam, measured over the 9-year period 2000 through 2008 is depicted by depth-profile temperature plots 
(Plate 284).  The depth-profile temperature plots indicate that the reservoir regularly exhibited significant 
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summer thermal stratification over the past 9 years.  It appears that the deepwater area near the dam may 
remain stratified through the middle of the summer.  Since Cold Brook Reservoir ices over in the winter 
and seemingly exhibits extended stratification during the summer, it appears to fit the definition of a cold 
dimictic lake (Wetzel, 2001). 
 
8.1.2.3 Summer Dissolved Oxygen Conditions 
 
8.1.2.3.1 Longitudinal Dissolved Oxygen Contour Plots 
 

Dissolved oxygen contour plots were constructed along the length of Cold Brook Reservoir based 
on depth-profile measurements taken during 2008 at sites CODLKND1, CODLKML1, and CODLKUP1.  
Plate 285 provides longitudinal dissolved oxygen contour plots based on depth-profile measurements 
taken from May through September in 2008.  Hypoxic conditions (i.e., < 2.5 mg/l dissolved oxygen) were 
monitored along the reservoir bottom near the dam in July (Plate 285). 
 
8.1.2.3.2 Near-Dam Dissolved Oxygen Depth-Profile Plots 
 

Existing summer dissolved oxygen conditions in Cold Brook Reservoir are described by the 
dissolved oxygen depth-profiles measured near the dam over the 9-year period 2000 through 2008.  
Summer dissolved oxygen depth-profiles were compiled and plotted for the 9 years (Plate 286).  On 
several occasions there were significant vertical gradients in summer dissolved oxygen levels.  Hypoxic 
conditions were monitored near reservoir bottom on a few occasions (Plate 286).  There seems to be 
enough “sediment” oxygen demand and inhibition to mixing to allow degraded dissolved oxygen 
conditions to develop near the reservoir bottom. 
 
8.1.2.3.3 Estimate of Reservoir Volume with Low Dissolved Oxygen Conditions 
 

The volume of Cold Brook Reservoir with low dissolved oxygen conditions was estimated from 
the longitudinal dissolved oxygen contour plots constructed for 2008 and the District’s current Area-
Capacity Tables (1972 Computations) for the reservoir.  The constructed contour plots were reviewed to 
identify the “worst-case” dissolved oxygen condition.  The “worst-case” condition was taken to be the 
contour plot with the highest elevations of the 6 mg/l and 2.5 mg/l dissolved oxygen isopleths.  The July 
29, 2008 contour plot indicates a pool elevation of 3582.5 ft-msl, a 6 mg/l dissolved oxygen isopleth 
elevation of about 3553.0 ft-msl, and a 2.5 mg/l dissolved oxygen isopleth elevation of about 3550 ft-msl 
(Plate 285).  The District’s Area-Capacity Tables give storage capacities of 423 ac-ft for elevation 3582.5 
ft-msl, 46.0 ac-ft for elevation 3553.0 ft-msl, and 34 ac-ft for elevation 3550.0 ft-msl.  On July 29, 2008 it 
is estimated that 11 percent of the volume of Cold Brook Reservoir was less than the 6 mg/l dissolved 
oxygen criterion for the protection of aquatic life, and 8 percent of the reservoir volume was hypoxic. 
 
8.1.2.4 Water Quality Conditions Based on Hypoxia 
 

Since the dissolved oxygen levels monitored in Cold Brook Reservoir indicated hypoxic 
conditions were present during the summer of 2008, longitudinal contour and depth-profile plots were 
constructed for ORP and pH.  The number of paired samples collected when hypoxia was present was 
insufficient to statistically compare near-surface and near-bottom water quality conditions. 
 
8.1.2.4.1 Oxidation-Reduction Potential 
 

Plate 287 provides longitudinal ORP contour plots based on depth-profile measurements taken in 
2008.  The ORP values indicated “slightly” reduced conditions were monitored near the reservoir bottom 
in a small area near the dam on July 29 (Plate 287).   Plate 288 plots depth profiles for ORP measured 



during the summer over the 6-year period 2003 through 2008 in the deepwater area of Cold Brook 
Reservoir near the dam. The ORP depth profiles indicate that slightly reduced conditions occasionally 
occurTed near the bottom of Cold Brook Reservoir during the summer. 

8.1.2.4.2 pH 

Longitudinal contour plots for pH conditions measured in 2008 are provided in Plate 289. Plate 
290 plots depth profiles for pH measured during the summer over the 9-year period 2000 through 2008 in 
the deepwater area of Cold Brook Reservoir near the dam. An appreciable vertical gradient in pH 
occasionally occurTed in the reservoir during the summer (Plates 289 and 290). It appears occasional 
reduced conditions in the deeper water of Cold Brook Reservoir seemingly lead to in lower pH levels near 
the reservoir bottom. The lowest measured pH levels near the reservoir bottom were above the lower pH 
criterion of7.0 for the protection of aquatic life. 

8.1.2.5 Water Clarity 

Figure 8.3 displays a box plot of the Secchi depth transparencies measured at the three in
reservoir monitoring sites (i.e., CODLKNDI, CODLKMLI, CODLKUPI) during 2008 (note: the 
monitoring sites are oriented in an upstream to downstream direction). Water clarity measured at the 
three sites was very high and seemingly increased in a downstream direction (Figur·e 8.3). 
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Figure 8.3. Box plot of Secchi depth transparencies measmed in Cold Brook Reservoir dming 2008. 

8.1.2.6 Reservoir Trophic State 

Trophic State Index (TSI) values for Cold Brook Reservoir were calculated from monitoring data 
collected during the period 2000 and 2008 at the near·-dam ambient monitoring site (i.e., CODLKNDI). 
Table 8.2 summarizes the TSI values calculated for the reservoir. The TSI values indicate that the near
dam lacustrine area of Cold Brook Reservoir is in a meso trophic condition. 
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8.1.3 WATER QUALITY TRENDS (1980 THROUGH 2008) 
 

Water quality trends from 1980 to 2008 were determined for Cold Brook Reservoir for 
transparency (i.e., Secchi depth), total phosphorus, chlorophyll a, and TSI (i.e., trophic condition).  The 
assessment was based on near-surface sampling of water quality conditions in the reservoir during the 
months of May through October at the near-dam monitoring site (i.e., CODLKND1).  Plate 291 displays a 
scatter-plot of the collected data for the four parameters and a linear regression line.  For the assessment 
period, Cold Brook Reservoir exhibited slightly increasing trends in transparency and total phosphorus, 
and a seemingly decreasing trend in chlorophyll a.  Over the 29-year period since 1980, Cold Brook 
Reservoir has remained in a mesotrophic condition (Plate 291). 

  
 

8.2 COTTONWOOD SPRINGS RESERVOIR 
 
8.2.1 BACKGROUND INFORMATION 
 
8.2.1.1 Project Overview 
 

The dam forming Cottonwood Springs Reservoir is located on Cottonwood Springs Creek, 
approximately 5 miles west of Hot Springs, South Dakota.  The dam was completed in May 1969 and the 
reservoir has not reached an initial fill.  The Cottonwood Springs Reservoir watershed is 26 square miles.  
The watershed was largely rangeland and forested when the dam was built in 1952 and has remained so to 
the present time.  The authorized project purposes of Cottonwood Springs Reservoir are flood control, 
recreation, fish and wildlife, and water quality. 
 
8.2.1.2 Cottonwood Springs Dam Intake Structure 
 

The intake at Cottonwood Springs Dam is a drop inlet structure consisting of a single reinforced 
concrete box shaft.  Its inside dimensions are 4 feet by 8 feet.  The structure was designed and constructed 
so that normal and flood period pool regulation is automatic.  The intake structure has two ungated 
openings, each 42” x 96”, with a weir crest elevation of 3875.0 ft-msl.  The weir crest elevation of 3875.0 
ft-msl is the water surface elevation of the multipurpose pool.  A 36” x 36” gated opening with a crest 
elevation of 3868.0 ft-msl was constructed into the upstream face of the intake structure.  The gated outlet 
may be used to release water for downstream needs. 
 
 
 

Table 8.2. Summary of Trophic State Index (TSI) values calculated for Cold Brook Reservoir for the 9-year 
period of 2000 through 2008. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 16 35 33 27 45 
TSI(TP) 15 49 48 41 63 
TSI(Chl) 8 47 46 40 59 
TSI(Avg) 17 42 43 27 50 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 
 



8.2.1.3 Reservoir Storage Zones 

Figure 8.4 depicts the cunent storage zones of Cottonwood Springs Resetvoir based on the 1971 
"as-built" conditions. The District has not conducted sediment smveys at Cottonwood Springs Resetvoir; 
therefore, the cmTent amount of sedimentation has not been estimated and is unlmown. 
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Figure 8.4. Cm1·ent storage zones of Cottonwood Springs Reservoir based on the 1971 "as-built" conditions. 

8.2.1.4 Water Quality Standards Classifications, Section 303(d) Listings, and Fish Consumption 
Advisories 

As identified in the State of South Dakota's water quality standards, the following beneficial uses 
are designated for Cottonwood Springs Resetvoir: recreation (immersion and limited contact), warmwater 
petmanent fish life propagation, fish and wildlife propagation, stock wateting, and domestic water supply. 
The resetvoir is not directly used as a municipal or domestic water supply. Pursuant to the Federal CWA, 
the State of South Dakota has not listed Cottonwood Springs Resetvoir on the State's 2006 Section 
303( d) list. The State of South Dakota also has not issued a fish consumption advis01y for the resetvoir. 

8.2.1.5 Ambient Water Quality Monitoring 

The District has inegularly monitored water quality conditions at Cottonwood Resetvoir since the 
1970 's. Water quality monitoring locations have included sites on the resetvoir and on the inflow and 
outflow of the resetvoir. Recently, the District has scaled back water quality monitoring at Cottonwood 
Sptings Resetvoir, and is targeting to monitor the resetvoir evety 3 years. Monitoring was scheduled for 
2005 and 2008, but was not conducted because low water conditions restricted access. On September 30, 
2008, the pool elevation of the resetvoir was 3840.3. Based on the Distiict 's Area Capacity Tables (1971) 
for the resetvoir this equates to a smface area of 1.6 acres and storage of 1.64 ac-ft. Figure 8.5 shows the 
location of the sites where water quality monitoring has occmTed. Since 2000, the Distiict conducted 
water quality monit01ing at Cottonwood Springs Resetvoir dming 2000 through 2002. 
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Figure 8.5. Location of sites where water quality monitoring was conducted at Cottonwood Springs Reservoir since 2000. 



8.2.2 EXISTING WATER Q UALITY CONDITIONS 

8.2.2.1.1 Statistical Summary and Comparison to Numeric Water Quality Standards Criteria 

Water quality conditions that were monitored in Cottonwood Sptings Resetvoir at sites 
COTLKND1 and COTLKML1 from May through September during the 3-year period 2000 through 2002 
are summarized, respectively, in Plates 292 and 293. A review of these results indicated possible water 
quality concems regarding dissolved oxygen. 

Dissolved oxygen criteria were exceeded by about 10 percent of the dissolved oxygen 
measurements taken in Cottonwood Springs Resetvoir. The lower dissolved oxygen concentrations 
occwTed in the deeper prut of the measured depth profile and were associated with a temperature gradient. 

8.2.2.2 Thermal Stratification 

Existing summer thetmal stratification of Cottonwood Sptings Resetvoir, in the deep water area 
neru· the dam, is desctibed by the depth-profile temperature plots measured dwing the 2-yeru· petiod of 
2001 through 2002. Temperature depth-profiles measured during the summer were compiled and plotted 
(Plate 294). The plotted depth-profile temperature measurements indicate that the resetvoir showed 
significant thetmal stratification during the summer (Plate 294). 

8.2.2.3 Summer Dissolved Oxvgen Conditions 

Existing summer dissolved oxygen conditions in Cottonwood Sptings Resetvoir, in the deep 
water ru·ea near the dam, ru·e desctibed by the depth-profile dissolved oxygen plots for the 2-yeru· period 
2001 through 2002 (Plate 295). Significant vettical gradients in dissolved oxygen levels occwTed during 
the summer when significant thetmal stratification was present. Two profiles indicated anoxic conditions 
(i.e., dissolved oxygen concentrations < 2.5 mg/1) near the resetvoir bottom (Plate 295). 

8.2.2.4 Water Clarity 

Figure 8.6 displays a box plot of the Secchi depth transparencies measured at the two in-resetvoir 
monit01ing sites (i.e., COTLKND1 and COTLKMLl) during 2002 (note: the monitoring sites ru·e 
oriented in an upstream to downstream direction). Water clru·ity measured at the two sites was vety high 
and similar (Figure 8.6). 
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Figure 8.6. Box plot of Secchi depth transparencies measmed in Cottonwood Springs Reservoir dming 2002. 
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8.2.2.5 Reservoir Trophic State 
 

Trophic State Index (TSI) values for Cottonwood Springs Reservoir were calculated from 
monitoring data collected during the 3-year period 2000 through 2002 at the near-dam ambient 
monitoring site (i.e., COTLKND1).  Table 8.3 summarizes the TSI values calculated for the reservoir.  
The TSI values indicate that Cottonwood Springs Reservoir is in a mesotrophic condition. 

  

 
 

 
 
 

Table 8.3. Summary of Trophic State Index (TSI) values calculated for Cottonwood Springs Reservoir for the 2-
year period of 2002 through 2003. 

 

TSI* No. of Obs. Mean Median Minimum Maximum 
TSI(SD) 7 36 34 32 41 
TSI(TP) 7 49 52 41 57 
TSI(Chl) 2 40 40 40 40 
TSI(Avg) 7 42 42 36 49 
* TSI(SD), TSI(TP), and TSI(Chl) are TSI index values based, respectively, on Secchi depth, total phosphorus, and chlorophyll 

a measurements.  TSI(Avg) is the average of TSI values.  
  Note:  See Section 4.1.3 for discussion of TSI calculation. 
 
 



9 WATER QUALITY MONITORING AND 
ACTIVITIES PLANNED FOR FUTURE YEARS 

MANAGEMENT 

9.1 WATER QUALITY DATA COLLECTION 

A tentative schedule of water quality monitoring targeted for implementation over the next 6 
years at the Distiict's Tributaty Projects is given in Table 9.1. The identified data collection activities are 
considered the minimum needed to allow for the petiodic assessment of water quality conditions. The 
actual monitoring activities that are implemented will be dependent upon the availability of future 
resources. 

9.2 TOTAL MAXIMUM DAILY LOADS (TMDLS) 

The Disu·ict will provide water quality inf01mation to the States for 303(d) listing consideration 
and prut icipate, as appropriate, as a stakeholder in the development and implementation of TMDLs on 
waterbodies that involve Ttibutruy Projects. 

Table 9.1. Water quality monitoring planned for District Tributaty Projects over the next 6 years and the intended 
data collection approach. Actual monitoring activities implemented will be dependent upon available 
resources. 

Waterbodies to be Monitored 

~()l()•:l.l.cl.c>_!•:i!J..t.t!ll_l:Y_:i>•:()J~C.! A:I.:~:t.s_: _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
• Bear Creek, Chatfield, and Cheny Creek Reservoirs 

• Bluestem, Branched Oak, Conestoga, East Twin, Ed Zorinsky, Glen 
Cunningham, Holmes, Olive Creek, Pawnee, Stagecoach, Standing Bear, 
Wagon Train, Wehrspann, West Twin, and Yankee Hill Reservoirs 
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• Bowman-Haley and Pipestem Reservoirs 

• Cold Brook and Cottonwood Springs Reservoirs 

2010, 
2013 

2011, 
2014 
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The District will utilize water quality data collected by the Local Watershed Management Authorities. 
Investigative Monitoring will be conducted as necessary and appropriate. 
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The level of monitoring after 2009 will be dependent upon the continuance of a monitoring partnership with the 
Nebraska Department of Environmental Quality. 
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Plate 1. Summary of water quality conditions monitored in Ed Zorinsky Reservoit· at site EZRLKNDI fi·om May to 
September during the 5-year period 2004 through 2008. [Note: Results for water temperattu·e, dissolved oxygen, 
conductivity, pH, turbidity, ORP, and chlorophyll a (field probe) are for water coltullll depth-profile measurements. 
Results for chlorophyll a (lab determined) , hardness, metals, microcystin, and pesticides are for "grab samples" 
collected at a near-surface depth. Results for other parameters are for "grab samples" collected at near-surface and 
near-bottom depths.] 

Monitorinl! Result~ Water· Quality Standards Attainmen t 

Par·amet er· Detection No. of StateW~S No. of WQS Per centWQS 
Limit Obs. Mean(A) Median Min. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 26 1110.5 1110.4 1108.7 1115.0 - ----- -
Water Temperature ( C) 0.1 350 21.9 22.2 12.4 28.2 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 350 5.6 6.3 0.0 11.0 > 5(2> 104 30% 
Dissolved Oxygen (% Sat .. ) 0.1 328 65.5 78.2 0.0 135.6 - ----- --
Specific Conductance (umho/cm) 1 338 442 433 291 590 2,000''' 0 0% 
pH(S.U.) 0.1 316 8.0 8.1 6.8 8.9 ~6. 5 & !>9.0(1) 0 0% 
Turbidity (NTUs) 1 279 36 14 1 2 ,257 - ----- -
Oxidation-Reduction Potential (mV) 1 338 279 280 -59 504 - ----- -
Secchi Depth (in ) 1 26 39 27 12 102 ----- ----- -- -
Alkalinity, Total {mg/1) 7 50 133 136 100 170 >20'' ' 0 0% 
Ammonia. Total (mg/1) 0 .02 50 0.28 0 .15 n.d. 1.90 6 95 •,>). 1.28 ,.,o, 0, 2 0%, 4% 
Chlorophyll a (ug/1) - Field Probe 1 231 9 7 n.d. 24 16''' 49 21% 
Chlorophyll a (ug/1) - Lab Determined 1 25 22• 16 2 52 16''' 12 48% 
Hardness, Total {mg/1) 0.4 5 127 129 118 131 - ----- -
Kjeldahl N, Total (mg/1) 0.1 50 1.2 1.0 n.d. 4.5 - ----- -
Nitrogen, Total (mg/) 0.1 50 1.3 11 n.d. 4.8 1.54' '' 10 20% 
Nitrate-Nitrite N. Total (mg/1) 0 .02 50 ----- n.d. n.d. 0 .40 lQOl'l 0 0% 
Phosphorus, Total {mg/1) 0 .02 50 0 .08 0 .07 n.d. 0.33 0 .143"' 4 8% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 50 ----- n.d. n.d. 0 .19 - ----- -
Suspended Solids, Total (ml!fl) 4 50 ----- 7 n.d. 55 --- ----- ---
Aluminum. Dissolved (ug/1) 25 3 ----- n.d. n.d. 333 750" '. 87'0' 0, 1 0, 33% 
Antimony, Dissolved (ug/1) 6 4 ----- n.d. n.d. n.d. 88"'. 30'0' 0 0% 
Arsenic. Dissolved (ug/1) 3 5 3 4 n.d. 5 340\>J. 16f' 1 0 0% 
Beryllium. Dissolved (ug/1) 0.5 4 ----- n.d. n.d. n .d. 130"'. 5.3'"' 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d. n.d. 7.6"'. 0.3'"' 0 0% 
Chromium. Dissolved (ug/1) 2 5 ----- n.d. n.d. 10 729"'. 95'"1 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. 2 17','. 11'0' 0 0% 
Lead. Dissolved ( ul!fl) 2 5 ----- n.d. n.d. n.d. 85<>'. 3.3'0' 0 0% 
Mercurv. Dissolved (ul!il) 0 .02 5 ----- n.d. n.d. n.d. 1.4PJ 0 0% 
Mercury, Total (ug/1) 0 .02 5 ----- n.d. n.d. n.d. 0.77'0' 0 0% 
Nickel, Dissolved ( ug/1) 3 5 ----- n.d. n.d. 60 581"'. 65'"' 0 0% 
Selenium. Total (ug/1) 2 5 ----- n.d. n.d. 2 20" "'. 5'"' 0 0% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d. n.d. 5.4"' 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n.d. 1,400" '. 6.3'01 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. n.d. 145\>,0J 0 0% 
Microcvstin, Total (ug/1) 0.2 18 ----- n.d. n.d. 0.6 20'"' 0 0% 
Acetochlor. Total (ug/1)'"1 0.05 5 034 0.20 n.d. 1.00 ----- --- - ---
Alachlor, Total (ug/1)'"1 0.05 19 ----- n.d. n.d. 0 .13 760" 1• 76' 01 0 0% 
Atrazine, Total (ug/1)'"' 0.05 24 0 57 0.51 n.d. 1.30 330"'. 12'"' 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 24 ----- n.d. n.d. 0 .50 390"'. 100'"' 0 0% 
Pesticide Scan {ugllt u' - ·······- 0.05 ___2__ 

~ 
- ........ ----- ........... -................ 

Acetochlor - ~ ----- n.d. n.d. - ----- -
Atrazine 

······-········-·······- ....... · ;;:d": 330"'. 12' 01 0 0% ······-········-·······- ~ ----- 0 .51 1.50 
lsoorOPalin ······-········-·······- ~ ----- n.d. n.d. 0 .10 - ----- -
Metolachlor - ······-········-·······- ~ ----- n.d. n.d. 0 .10 390<>'. 100'0' 0 0% 
Metribuzin 

.............................. 
n.d. · ;;:d": 100'0' 0 

................................ 
5 ----- 0 .14 0% 

Profluralin 
- ······-········-·······-

~ ~ ······-········-·······- ----- n.d. n.d. - ........ ----- ........... -
PrOPazine ----s- ................ 

----- n.d. n.d. 0 .08 - ----- -
n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural critetia for surface waters. 
(4) Total ammonia criteria pH and temperature dependent. Critetia listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
C6J Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS critetia for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immnnoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor, propazine, simazine, terbufos, trial1ate, and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303{ d) impairment assessment criteria. 
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 Plate 2. Summary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKML1 from May 
to September during the 5-year period 2004 through 2008.  [Note: Except for pool elevation and Secchi 
depth, results are for water column depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 26 1110.5 1110.4 1108.7 1115.0 ----- ----- ----- 
Water Temperature ( C) 0.1 387 21.8 22.3 11.9 28.4 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 387 5.3 6.0 0.0 11.6 ≥ 5(2) 139 36% 
Dissolved Oxygen (% Sat.) 0.1 357 61.8 72.8 0.0 131.6 ----- ----- ----- 
Specific Conductance (umho/cm) 1 371 444 436 272 625 2,000(3) 0 0% 
pH (S.U.) 0.1 343 7.9 8.0 6.7 8.8 ≥6.5 & ≤9.0(1) 0 0% 
Turbidity (NTUs) 1 308 38 14 1 1,048 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 371 291 305 -49 437 ----- ----- ----- 
Secchi Depth (in.) 1 26 35 27 n.d. 86 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 257 10 7 n.d. 28 16(4) 49 19% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 

 Plate 3. Summary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKML2 from May 
to September during 2008. [Note: Except for pool elevation and Secchi depth, results are for water column 
depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 6 1111.6 1110 9 1110.3 1115.0 ----- ----- ----- 
Water Temperature ( C) 0.1 77 22.2 22 1 16.4 27.3 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 77 6.0 6.8 0.2 8.6 ≥ 5(2) 22 29% 
Dissolved Oxygen (% Sat.) 0.1 77 71.8 83.5 2.3 109.3 ----- ----- ----- 
Specific Conductance (umho/cm) 1 77 383 363 225 589 2,000(3) ----- ----- 
pH (S.U.) 0.1 77 7.9 8.0 7.2 8.8 ≥6.5 & ≤9.0(1) 0 0% 
Turbidity (NTUs) 1 77 174 27 1 1,812 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 77 328 312 206 443 ----- ----- ----- 
Secchi Depth (in.) 1 6 27 22 6 74 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 76 15 13 3 33 16(4) 33 43% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 



Plate 4. Sununary of water quality conditions monitored in Ed Zorinsky Reservoir at site EZRLKUPl from May to 
September during the 5-year period 2004 tlu·ough 2008. [Note: Results for water temperature, dissolved 
oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field probe) are for water column depth-profile 
measmements. Results for other parameters are for "grab samples" collected at Y2 the measmed Secchi 
depth.] 

Monitoti ng R esults Water Quality Stan dat·ds Attainment 

Paumetet· D etection No. of StateW~S No.ofWQS Pucent W QS 
Limit Obs. Mean<Al Median Min. Max. Critetia l Exceedences Exceed en ce 

Pool Elevation (ft-msl) 0.1 26 11 10.5 11 10.4 1108.7 11 15.0 ----- - --- -
Water Temperature ( C) 0.1 157 23.0 23.8 13.1 28.8 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 157 7.0 6.9 0.4 12.9 > 5("' 25 16% 
Dissolved Oxygen (% Sat .. ) 0.1 145 83.7 83.3 4.5 1544 ----- - -----
Specific Conductance (umho/cm) 1 151 413 410 167 584 2 ,000VJ 0 0% 
pH(S.U.) 0.1 151 8.1 8.2 7.2 9.7 >6 5 & <9.01' ' 0, 5 0%, 3% 
Turbidity (NTUs) 1 118 199 42 4 3,754 ----- - -----
Oxidation-Reduction Potential (mV) 1 151 323 311 185 444 ----- - -----
Secchi Depth (in ) 1 25 17 14 2 60 ----- - -----
Alkalinity, Total (mgf!) 7 25 130 130 98 170 >201

' ' 0 0% 
Ammonia. Total (mg/1) 0 .02 25 - 0 .11 n.d. 0 .63 5.72 ' ."''. 0 99 .,., 0 0% 
Chlorophyll a (ug/1) - Field Probe 1 95 20• 19 n.d. 43 16" ' 56 59"/o 
Chlorophyll a (ug/1) - Lab Determined 1 25 24· 17 n.d. 84 16" ' 14 56% 
Hardness, Total (mg/1) 0.4 5 126 127 120 134 ----- - -----
Kjeldahl N, Total (mg/1) 0.1 25 1.2 1.2 n.d. 3.1 ----- - -----
Nitrogen, Total (mgl) 0.1 25 1.3 1.3 n.d. 3.9 1.54"' 4 16% 
Nitrate-Nitrite N , Total (mg/1) 0.02 25 - 0 .03 n .d. 0 .80 100

1
' ' 0 0% 

PhoSPhorus, Total (mgf!) 0 .02 25 0 .11 010 0 .02 022 0.143"' 6 24% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0 .02 25 - n.d. n.d. 0 .08 ----- - --- -
Suspended Solids, Total (mg/1) 4 25 20 19 5 51 ----- - -----
Aluminum. Dissolved ( ug/1) 25 3 - n.d. n.d. n.d. 75o~>'. 8710' 0 0% 
Antimony, Dissolved (ug/1) 6 4 - n.d. n.d. n.d. 88.,', 30'"' 0 0% 
Arsenic, Dissolved (ug/1) 3 5 4 4 3 5 340.,' , 16.7'"' 0 0% 
Beryllium. Dissolved (ug/1) 0.5 4 - n.d. n .d. n .d. 130','. 5 3'"' 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 - n.d. n.d. n.d. 7 .4\>J, 0 31" ' 0 0% 
Chromium. Dissolved (ug/1) 2 4 - n.d. n.d. 2 7201

, '. 941
"' 0 0% 

Copper, Dissolved (ug/1) 2 5 - n.d. n.d. n.d. 17','. 11 ,., 0 0% 
Lead, Dissolved ( ug/1) 2 5 - n.d. n.d. n.d. 84"'. 3 31

" ' 0 0% 
Mercury, Dissolved (ug/1) 0 .02 5 - n.d. n.d. n.d. 1.4'>' 0 0% 
Mercury, Total (ug/1) 0 .02 5 - n.d. n.d. n.d. 0 .77'"' 0 0% 
Nickel, Dissolved ( ug/1) 3 5 - n.d. n.d. n.d. 573','. 64'"' 0 0% 
Selenium. Total (ug/1) 2 5 - n.d. n.d. 2 20'' ··'. 5'"' 0 0% 
Silver, Dissolved (ug/1) 1 5 - n.d. n.d. n.d. 5.2\>) 0 0% 
Thallium ( ug/1) 6 4 - n.d. n.d. n.d. 1,400"'. 6.3101 0 0% 
Zinc, Dissolved (ug/1) 3 5 - n.d. n.d. n.d. 143~'·"' 0 0% 
Microcystin, Total (ug/1) 0.2 18 - n.d. n.d. 11 20

1
' ' 0 0% 

Acetochlor, Total (ug/1)'~' 0 .05 5 026 020 n.d. 0.80 ----- ·-· -----
Alachlor, Total (ug/1)'~' 0 .05 19 ---- n.d. n.d. 012 760','. 76'"' 0 0% 
Atrazine., Total (ug/1)'~' 0 .05 24 0 .60 0 .45 n.d. 2 .04 330','. 12'"' 0 0% 
Metolachlor, Total (ug/1)'~' 0 .05 24 - 0 .03 n.d. 0 .76 390','. 100'"' 0 0% 

l'.e.~ti~i<le. .. ~.c:<lll.(\lgfl)'~' 0 .05 ----- - --- -.......... ......... ....... ........ ............ 
Acetochlor 5 - n.d. n.d. 0.20 ----- - -----..................................................... . ......... 

5 n.d. ~;'. 761"' 0 Alachlor - .......... n.d. 010 0% .............................................. 
~:d': 330 Sil2t'~ Atrazine 5 - 028 290 0 0% 

5 
.......... 139ot>>.' 100(~ 0 Metolachlor - n.d. .......... n.d. 090 0% 

''''''''''M'~b~···· 5 - n.d. n.d. 020 10010
' 0 0% .......... 

''''''''''])i~fi~i;;' 3 - n.d. n.d. 0 .59 ----- - -----
n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is an 

arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Total ammonia criteria pH and tempetature dependent. Criteria listed are calculated for median pH and temperature values. 
(5) Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebtaska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

<CJ Imnutnoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid. diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn, p ropachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were not 
detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 5. Longitudinal water temperature contour plots of Ed Zorinsky Reservoir based on depth-profile water 

temperatures (°C) measured at sites EZRLKND1, EZRLKML1, and EZRLKUP1 in 2007. 

Pool Elevation: 1110.6 ft-msl 

Pool Elevation: 1110.2 ft-msl 

Pool Elevation: 1110.9 ft-msl 

May 2, 2007 

June 5, 2007 

July 9, 2007 
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Plate 5.  (Continued). 

Pool Elevation: 1110.4 ft-msl 

Pool Elevation: 1108.9 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 6. Longitudinal water temperature contour plots of Ed Zorinsky Reservoir based on depth-profile water 

temperatures (°C) measured at sites EZRLKND1, EZRLKML1A, EZRLKML1B, EZRLKML2, 
EZRLKUP1, and EZRLKUP2 in 2008. 

Pool Elevation: 1110.3 ft-msl 

Pool Elevation: 1115.0 ft-msl 

Pool Elevation: 1111.9 ft-msl 

May 21, 2008 

June 12, 2008 

June 27, 2008 
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Plate 6.  (Continued). 

Pool Elevation: 1111.2 ft-msl 

July 22, 2008 

August 28, 2008 

September 23, 2008 

Pool Elevation: 1110.5 ft-msl 

Pool Elevation: 1110.6 ft-msl 
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Plate 7. Temperature depth profiles for Ed Zorinsky Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., EZRLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 8. Longitudinal dissolved oxygen contour plots of Ed Zorinsky Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites EZRLKND1, EZRLKML1, and EZRLKUP1 in 2007. 

Pool Elevation: 1110.6 ft-msl 

Pool Elevation: 1110.2 ft-msl 

Pool Elevation: 1110.9 ft-msl 

May 2, 2007 

June 5, 2007 

July 9, 2007 
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Plate 8.  (Continued). 
 

Pool Elevation: 1110.4 ft-msl 

August 1, 2007 

September 5, 2007 

Pool Elevation: 1108.9 ft-msl 

September 5, 2007 
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Plate 9. Longitudinal dissolved oxygen contour plots of Ed Zorinsky Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites EZRLKND1, EZRLKML1A, EZRLKML1B, 
EZRLKML2, EZRLKUP1, and EZRLKUP2 in 2008. 

Pool Elevation: 1111.9 ft-msl 

June 12, 2008 

June 27, 2008 

May 21, 2008 

Pool Elevation: 1110.3 ft-msl 

Pool Elevation: 1115.0 ft-msl 
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Plate 9.  (Continued). 

Pool Elevation: 1111.2 ft-msl 

July 22, 2008 

August 28, 2008 

Pool Elevation: 1110.5 ft-msl 

Pool Elevation: 1110.6 ft-msl 

September 23, 2008 
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Plate 10. Dissolved oxygen depth profiles for Ed Zorinsky Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., EZRLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 11. Longitudinal oxidation-reduction potential (ORP) contour plots of Ed Zorinsky Reservoir based on 

depth-profile ORP levels (mV) measured at sites EZRLKND1, EZRLKML1, and EZRLKUP1 in 2007. 

Pool Elevation: 1110.2 ft-msl 

Pool Elevation: 1110.9 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1110.6 ft-msl 
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Plate 11.  (Continued). 
 

Pool Elevation: 1110.4 ft-msl 

August 1, 2007 

September 5, 2007 

Pool Elevation: 1108.9 ft-msl 

September 5, 2007 
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Plate 12. Longitudinal oxidation-reduction potential (ORP) contour plots of Ed Zorinsky Reservoir based on 

depth-profile ORP levels (mV) measured at sites EZRLKND1, EZRLKML1A, EZRLKML1B, 
EZRLKML2, EZRLKUP1, and EZRLKUP2 in 2008. 

Pool Elevation: 1111.9 ft-msl 

June 12, 2008 

June 27, 2008 

May 21, 2008 

Pool Elevation: 1110.3 ft-msl 

Pool Elevation: 1115.0 ft-msl 
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Plate 12.  (Continued). 
 

Pool Elevation: 1111.2 ft-msl 

July 22, 2008 

August 28, 2008 

Pool Elevation: 1110.5 ft-msl 

September 23, 2008 

Pool Elevation: 1110.6 ft-msl 
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Plate 13. Oxidation-reduction potential depth profiles for Ed Zorinsky Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., EZRLKND1) during the summer over the 5-year 
period of 2004 through 2008. 
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Plate 14. Longitudinal pH contour plots of Ed Zorinsky Reservoir based on depth-profile pH levels (S.U.) 

measured at sites EZRLKND1, EZRLKML1, and EZRLKUP1 in 2007. 

Pool Elevation: 1110.2 ft-msl 

Pool Elevation: 1110.9 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1110.6 ft-msl 
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Plate 14.  (Continued). 

Pool Elevation: 1110.4 ft-msl 

August 1, 2007 
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Plate 15. Longitudinal pH contour plots of Ed Zorinsky Reservoir based on depth-profile pH levels (S.U.) 

measured at sites EZRLKND1, EZRLKML1A, EZRLKML1B, EZRLKML2, EZRLKUP1, and 
EZRLKUP2 in 2008. 

Pool Elevation: 1111.9 ft-msl 

June 12, 2008 

June 27, 2008 

May 21, 2008 

Pool Elevation: 1110.3 ft-msl 

Pool Elevation: 1115.0 ft-msl 
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Plate 15.  (Continued). 
 

Pool Elevation: 1111.2 ft-msl 

July 22, 2008 

August 28, 2008 

Pool Elevation: 1110.5 ft-msl 

September 23, 2008 

Pool Elevation: 1110.6 ft-msl 
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Plate 16. pH depth profiles for Ed Zorinsky Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., EZRLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 18. Longitudinal turbidity contour plots of Ed Zorinsky Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites EZRLKND1, EZRLKML1, and EZRLKUP1 in 2007. 

Pool Elevation: 1110.2 ft-msl 

Pool Elevation: 1110.9 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1110.6 ft-msl 
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Plate 18.  (Continued). 
 

Pool Elevation: 1110.4 ft-msl 

August 1, 2007 

September 5, 2007 

Pool Elevation: 1108.9 ft-msl 

September 5, 2007 
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Plate 19. Longitudinal turbidity contour plots of Ed Zorinsky Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites EZRLKND1, EZRLKML1A, EZRLKML1B, EZRLKML2, EZRLKUP1, and 
EZRLKUP2 in 2008. 

Pool Elevation: 1111.9 ft-msl 

June 12, 2008 

June 27, 2008 

May 21, 2008 

Pool Elevation: 1110.3 ft-msl 

Pool Elevation: 1115.0 ft-msl 
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Plate 19.  (Continued). 

Pool Elevation: 1111.2 ft-msl 

July 22, 2008 

Pool Elevation: 1110.5 ft-msl 

August 28, 2008 

September 23, 2008 

Pool Elevation: 1110.6 ft-msl 
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Plate 20. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Ed Zorinsky Reservoir at the near-dam, ambient site (i.e., site EZRLKND1) over the 29-
year period of 1980 through 2008. 
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  Plate 21. Summary of runoff water quality conditions monitored in the Boxelder Creek inflow to Ed Zorinsky 
Reservoir at monitoring site EZRNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 8 1,463 694 28 5,028 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 17 ----- 0.24 n.d. 1.40 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 17 3.3 2.8 0.7 14.3 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 17 1.01 1.00 0.36 2.20 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 17 1.35 1.10 0.04 6.28 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 17 1,463 1,100 34 5,920 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 4 ----- n.d. n.d. 0.40 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 13 ----- n.d. n.d. 0.54 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 17 ----- 0.30 n.d. 4.40 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 17 ----- n.d. n.d. 2.07 390(2), 100(3) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
 (B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 



Plate 22. Summary of water quality conditions monitored in Glenn Cmmingham Reservoir at the near-dam, deepwater 
ambient monitoring location (i.e., site GCRLKNDI) from May to September dming the 2-year period 2004 
through 2005. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, tmbidity, ORP, and 
chlorophyll a (field probe) are for water colmtm depth-profile measm·ements. Results for chlorophyll a (lab 
determined), hardness, metals, nucrocystin, and pesticides are for "grab samples" collected at a near-smface depth. 
Results for other parameters are for "grab samples" collected at near-smface and near-bottom depths.] 

Monitotin Results Water Quality Standat·ds Attainment 

Parameter Detection No. of StateW~S No.ofWQS Per centWQS 
Limit Obs. Mean(A) Median 1\fin. Max. Ctiteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 10 1121.4 1121.4 1120.5 1122.4 ----- --- - -
Water Temperature ( C) 0.1 116 22.1 24.4 11.2 27.1 321') 0 0% 
Dissolved Oxygen (mg/1) 0.1 115 5.8 6.1 0.0 10.4 > sC2> 33 29% 
Dissolved Oxygen (% Sat .. ) 0.1 115 67.3 73.4 0.0 120.4 ----- ----- --
Specific Conductance (umho/cm) 1 115 346 344 302 390 2 ,000VJ 0 0% 
pH(S.U.) 0.1 102 8.2 8.3 7.3 8.7 ~6.5 & ~9.0(l) 0 0% 
Turbidity (NTUs) 1 81 23 17 12 67 ----- --- - ---
Oxidation-Reduction Potential (mV) 1 115 384 412 250 467 ----- ----- -
Secchi Depth (in ) 1 10 20 20 12 28 ----- --- - -- -
Alkalinity. Total {mg/1) 7 20 175 179 150 192 20"' --- - -
Ammonia. Total (mg/1) 0.02 20 0.25 0.21 n.d . 0.64 4.7 ' .,.,1• 0.8 , ••• , 0 0% 
Chlorophyll a (ug/1) - Field Probe 1 81 6t• 48 15 150 44"' 43 53% 
Chlorophyll a (ug/1) - Lab Determined 1 10 29 25 19 46 44"' 1 10% 
Hardness. Total {mg/1) 0.4 2 157 157 155 159 ----- ----- -
Kjeldahl N. Total (mg/1) 0.1 20 1.4 1.4 0.7 1.9 ----- ----- -- -
Nitrogen. Total (mg/) 0.1 20 1.4 1.5 0.7 1.9 1.46''' 10 50% 
Nitrate-Nitrite N. Total (mg/1) 0.02 20 ----- n.d. n.d. 012 lOOv' 0 0% 
Phosphorus. Total (mg/1) 0.02 20 0.17• 013 0.07 0.65 0.134"' 9 45% 
PhoSPhorus-Ortho. Dissolved (mg/1) 0.02 20 ----- n.d . n.d . 0.06 ----- ----- -
Suspended Solids. Total (mg/1) 4 20 21 15 9 153 ----- --- - --
Antimony, Dissolved (ug/1) 6 1 ----- n.d . n.d . n.d . 88''1• 30'01 0 0% 
Arsenic. Dissolved (ugll) 3 2 8 8 7 8 340"1• 16.7'01 0 0% 
Beryllium. Dissolved (ug/1) 0.5 1 ----- n.d. n.d. n.d. no~>>. s 31•> 0 0% 
Cadmium. Dissolved (ug/1) 0.5 2 ----- n.d. n.d . n .d . 9.2v'. 0 3'"' 0 0% 
Chromium. Dissolved ( ug/1) 2 2 ----- n.d. n.d . n .d . 857'''. 112'"' 0 0% 
Copper, Dissolved (ugll) 2 2 ----- n.d . n .d . n .d . 20.6'''. 13.2'"' 0 0% 
Lead. Dissolved ( ug/1) 2 2 ----- n.d . n.d . n.d . 1 05''1• 4 1 ,., 0 0% 
Mercurv. Dissolved (ug/1) 0.02 2 ----- n.d . n.d . n.d . 1.4"' 0 0% 
Mercurv. Total (ug/1) 0.02 2 ----- n.d . n.d . n.d . 0.77'01 0 0% 
Nickel. Dissolved (ugll) 3 2 ----- n.d . n .d . n .d . 686'''. 76'01 0 0% 
Selenium. Total (ug/1) 2 2 ----- n.d. n.d. n.d . 20''•''. 5'"' 0 0% 
Silver. Dissolved (ug/1) 1 2 ----- n.d . n .d . n .d . 7.5v' 0 0% 
Thallium ( ug/1) 6 1 ----- n.d. n .d . n .d . 1.4oow. 6.3' 0

' 0 0% 
Zinc. Dissolved (ugll) 3 2 ----- 2 n.d . 3 173V•"' 0 0% 
Microcvstin, Total (ug/1) 0.2 3 ----- n.d. 0.2 0.2 --- - ----- -
Alachlor. Total (ug/1)'"1 0.05 9 ----- n.d . n.d . 010 760',1• 76'01 0 0% 
Atrazine. Total (ug/1)'"1 0.05 9 1 31 1.44 0.55 1.83 330',1• 12'01 0 0% 
Metolachlor. Total (ugll)'"' 0.05 9 ----- 0.05 n .d . 0.46 390','. too'•' 0 0% 
Pesticide Scan (ug/lr' 0.05 2 ----- ...... ----- -

Atrazine 0 58 0 58 0.55 0.60 
......... jj(jt5l:tiC6l 

0 0% 
n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e • log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4)Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. ametryn. atrazine. benfluralin. bromacil. butachlor. butylate. chlorpyrifos. cyanazine. 

deethylatrazine. deisopropylatrazine. dimethenamid. diuron. EPTC. ethalfluralin, fonofos. hexazinone. isophenphos. metolachlor. metribuzin. 
pendimethalin. phorate. prometon. prometryn. propachlor. propazine. simazine. terbufos. triallate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 23. Sununaty of water quality conditions monitored in Glenn Cunningham Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site GCRLKMLl ) from May to September during the 2-
year period 2004 through 2005. [Note: Except for pool elevation and Secchi depth, results are for water 
column depth-profile measurements.] 

Monitori nl! R esults Watet' Quality Standards Attainment 

Par ametu Detection No. of StateW~S No.ofWQS P er·cen t W QS 
Limit Obs. Mean(A,C) Median Min. MaL Criteri a ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 10 1121.4 11215 1120.5 1122.4 ----- --- -
Water Temperature ( C) 0.1 86 22.4 242 12.0 27.0 321

' ' 0 00/o 
Dissolved Oxygen (mg/1) 0.1 86 6.6 63 0.1 12.5 > 5'"' 22 26% 
Dissolved Oxv!!en (%Sat.) 0.1 86 76.4 81.8 0.6 119.5 ----- -- -
Specific Conductance (umho/cm) 1 86 343 334 305 397 2 ,000Vi 0 00/o 
pH (S U.) 0.1 77 8.3 83 7.5 8.7 >65&~.0''' 0 00/o 
Turbiditv (NTUs) 1 60 30 25 12 77 ----- -- -
Oxidation-Reduction Potential (mV) 1 86 390 420 300 461 ----- --- - -
Secchi Depth (in.) 1 10 19 18 10 27 ----- --- -
Chlorophyll a (ug/1) - Field Probe 1 60 n• 78 23 141 44''' 44 73% 

n.d. =Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion oflogarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
<•> Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 24. Temperature depth profiles for Glen Cunningham Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., GCRLKND1) during the summer over the 2-year period of 
2004 through 2005. 
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Plate 25. Dissolved oxygen depth profiles for Glen Cunningham Reservoir compiled from data collected at the 

near-dam, deepwater ambient monitoring site (i.e., GCRLKND1) during the summer over the 2-year 
period of 2004 through 2005. 
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Plate 26. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Glenn Cunningham Reservoir at the near-dam, ambient site (i.e., site GCRLKND1) over the 
26-year period of 1980 to 2005. 
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  Plate 27. Summary of runoff water quality conditions monitored in the Knight Creek inflow to Glenn 
Cunningham Reservoir at monitoring site GCRNFNRT1 during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 6 2,149 225 10 11,012 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 14 ----- 0.47 n.d. 1.80 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 14 8.2 1.9 0.6 27.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 14 4.02 2.70 0.25 10.40 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 14 2.64 0.85 0.03 11.00 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 14 1,927 253 39 9,930 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 4 ----- n.d. n.d. 0.10 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 10 ----- n.d. n.d. 0.66 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 14 ----- 0.35 n.d. 28.00 330(2), 12(3) 2 14% 
Metolachlor, Total (ug/l)(C) 0.05 14 ----- n.d. n.d. 1.90 390(2), 100(3) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 

 Plate 28. Summary of runoff water quality conditions monitored in the east unnamed tributary inflow to Glenn 
Cunningham Reservoir at monitoring site GCRNFEST1 during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 6 308 105 6 1,160 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 13 ----- 0.21 n.d. 1.40 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 13 1.9 1.1 0.6 4.9 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 13 2.5 0.9 0.2 10.0 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 13 0.54 0.30 0.03 1.60 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 13 445 102 13 3,470 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 4 ----- n.d. n.d. 0.10 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 9 ----- n.d. n.d. 0.68 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 13 ----- n.d. n.d. 2.80 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 13 ----- n.d. n.d. 2.80 390(2), 100(3) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 



Plate 29. Swmuaty of water quality conditions monitored in Standing Bear Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site STBLKNDl) from May to September during the 5-year period 2004 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll a (field 
probe) are for water coltullll depth-profile measw·ements. Results for chlorophyll a (lab detenuined) , hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-swface depth. Results for other 
parameters are for "grab samples" collected at near-swface and near-bottom depths.] 

Monitoril l! Results Water Oualitv Standards Attainment 

Parameter Detection No. of StateW~S No.of W QS Percent W QS 
Limit Obs. Mean (A> Median M in. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 01 25 1104 2 1104.2 1102.8 1105.3 ----- ----- -----
Water Temperature (C) 01 294 22 1 22.6 12.7 28.4 321

' ' 0 0% 
Dissolved Oxygen {mg/1) 01 294 55 6.7 0.0 10.7 >5(2) 95 32% 
Dissolved Oxygen (% Sat.) 0 1 270 64.8 79.3 0.0 128.8 --- - ----- -----
Specific Conductance (umho/cm) 1 282 338 329 232 527 2.ooow 0 0% 
pH{S.U.) 01 262 8.0 8.2 6.6 9.0 >6.5 & <9.0(l) 0 0% 
Turbidity (NTUs) 1 237 22 18 1 79 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 282 25 279 -108 454 --- - ----- -----
Secchi Depth (in ) 1 25 31 27 13 84 ----- ----- -----
Alkalinity. Total (mg/1) 7 50 109 107 80 160 20

1
' ' 0 0% 

Ammonia. Total (mg/1) 0.02 50 ----- 0.20 n.d. 6.06 5.72 ' 9 ' . 1.06''•"' 1. 3 2%. 6% 
Chlorophyll a (ug/1) - Field Probe 1 196 11 7 n .d. 100 16' '' 18 9% 
Chlorophyll a (ug/1) - Lab Determined 1 26 30° 20 n .d. 98 16' '' 16 62% 
Hardness. Total (mgfl) 0 .4 5 93 98 78 98 --- - ----- -----
KeldahlN. Total(mg/1) 01 50 1.4 1.1 n.d. 7.0 --- - ----- -----
Nitrogen, Total (mg/) 01 50 1 5 1.1 n.d. 7.0 1.54"' 16 32% 
Nitrate-Nitrite N. Total (mg/1) 0.02 50 ----- n.d. n.d. 0 .16 1001

' ' 0 0% 
Phosphorus. Total (mg/1) 0.02 50 0.12 0 .08 n.d. 097 0.143(1) 9 18% 
Phosphorus-Ortho. Dissolved (mg/1) 0.02 50 -- n.d. n.d. 0 .13 ----- --- - -----
Suspended Solids. Total (mg/1) 4 50 11 10 n .d. 29 ----- ----- -----
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. n.d. 750'.'. 87'"' 0 0% 
Antimonv. Dissolved (ug/1) 6 4 ----- n.d. n.d. n.d. 881

''. 30101 0 0% 
Arsenic. Dissolved (ug/l) 3 5 6 6 5 8 340"'. 16.7'., 0 0% 
Beryllium. Dissolved (ug/1) 05 4 ----- n.d. n.d. n .d. 1301

' '. 5.3101 0 0% 
Cadmium, Dissolved (ug/1) 05 5 ----- n.d. n.d. n.d. 5.8"'. 0.24101 0 0% 
Chromium. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n.d. 582'.'. 76'"' 0 0% 
Copper. Dissolved (ug/1) 2 5 --- - n.d. n.d. n.d. 13v' . 8.8'"' 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n.d. 63v' . 2 .5'"' 0 0% 
Mercury. Dissolved {ug/1) 0.02 5 ----- n.d. n.d. n.d. 1.4v' 0 0% 
Mercurv. Total (ug/l) 0.02 5 ----- n.d. n.d. 19 0.77101 1 20% 
Nickel. Dissolved (ug/l) 3 5 ----- n.d. n.d. n.d. 4601' '. 51 \OJ 0 0% 
Selenium. Total (ug/l) 2 5 ----- n.d. n.d. n.d. 20''·' '. 510

' 0 0% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d. n.d. 3.3"' 0 0% 
Thallium ( ug/1) 6 4 --- - n.d. n.d. n.d. 1.400\)). 6.31"' 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. 16 115<>•"' 0 0% 
Microcystin. Total (ug/1) 02 18 ----- n.d. n.d. 0.8 20' ' ' 0 0% 
Acetochlor. Total (ug/1)'~' 0.05 5 --- - n.d. n.d. 0.30 ----- -- - -----
Alachlor. Total (ug/1)1" ' 0.05 19 --- n.d. n.d. 0 .06 7601

' '. 76101 0 0% 
Atrazine. Total (ug/1)1" ' 0.05 24 0.30 0.27 n .d. 0 .70 3301

' '. 12101 0 0% 
Metolachlor. Total (ug/1)1" ' 0.05 24 --- n.d. n.d. 0 30 390"'. 10010

' 0 0% 
Pesticide Scan (ug/1)' '-'' 0.05 5 --- - ----- -----

Atrazine 
-- ·····-······-·······-····· ......... ~if · 33ot5l~ i2t~ - 0 0% ....... ...... .......... 5 --- - 0.21 1.00 

Metolachlor ....... ...... .......... 5 ----- n.d. ········· · ~;-~: 010 :J.~(~: iii()t~ : 0 0% 
Profluralin 3 --- - n.d. ········· · ~;-~: 0 .49 

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e • log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-SPecific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4)Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
(5) Acute criteria for aquatic life. 
<6J Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many of Nebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Imnurnoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. ametryn. atrazine. benfluralin. bromacil. butachlor. butylate. chlorpyrifos. cyanazine. 

deethylatrazine. deisopropylatrazine. dimethenamid. diuron. EPTC. ethalfluralin. fonofos. hexazinone. isophenphos. metolachlor. metribuzin. 
pendimethalin. phorate. prometon. prometryn. propachlor. propazine. simazine. terbufos. triallate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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 Plate 30. Summary of water quality conditions monitored in Standing Bear Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site STBLKML1) from May to September during the 5-year period 
2004 through 2008.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, 
ORP, and chlorophyll a (field probe) are for water column depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A,C)

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 25 1104.2 1104.6 1102.8 1105.3 ----- ----- ----- 
Water Temperature ( C) 0.1 267 22.4 23.5 11.5 28.5 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 258 5.9 5.9 0.1 10.9 ≥ 5(2) 74 29% 
Dissolved Oxygen (% Sat.) 0.1 246 69.0 73.1 0.6 136.3 ----- ----- ----- 
Specific Conductance (umho/cm) 1 255 331 289 234 500 2,000(3) ----- ----- 
pH (S.U.) 0.1 232 8.1 8.1 6.6 9.0 ≥6.5 & ≤9.0(1) 0 0% 
Turbidity (NTUs) 1 216 23 25 1 188 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 255 328 298 -93 501 ----- ----- ----- 
Secchi Depth (in.) 1 25 30 19 13 81 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 170 12 6 n.d. 112 16(4) 23 14% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria 
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Plate 31. Longitudinal water temperature contour plots of Standing Bear Reservoir based on depth-profile water 

temperatures (°C) measured at sites STBLKND1 and STBLKML1 in 2007. 

Pool Elevation: 1104.4 ft-msl 

Pool Elevation: 1104.2 ft-msl 

Pool Elevation: 1103.5 ft-msl 

May 2, 2007 

June 5, 2007 

July 9, 2007 
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Plate 31.  (Continued). 

Pool Elevation: 1104.3 ft-msl 

Pool Elevation: 1104.3 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 32. Longitudinal water temperature contour plots of Standing Bear Reservoir based on depth-profile water 

temperatures (°C) measured at sites STBLKND1, STBLKML1, and STBLKUPN1 in 2008. 

Pool Elevation: 1104.1 ft-msl 

Pool Elevation: 1105.3 ft-msl 

Pool Elevation: 1105.2 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 32.  (Continued). 
 

Pool Elevation: 1104.5 ft-msl 

August 28, 2008 

Pool Elevation: 1104.6 ft-msl 

September 23, 2008 
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Plate 33. Temperature depth profiles for Standing Bear Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., STBLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 34. Longitudinal dissolved oxygen contour plots of Standing Bear Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites STBLKND1 and STBLKML1 in 2007. 

Pool Elevation: 1104.2 ft-msl 

Pool Elevation: 1103.5 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1104.4 ft-msl 
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Plate 34.  (Continued). 

Pool Elevation: 1104.3 ft-msl 

Pool Elevation: 1104.3 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 35. Longitudinal dissolved oxygen contour plots of Standing Bear Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites STBLKND1, STBLKML1, and STBLKUPN1 in 2008. 

Pool Elevation: 1104.1 ft-msl 

Pool Elevation: 1105.3 ft-msl 

Pool Elevation: 1105.2 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 35.  (Continued). 

Pool Elevation: 1104.5 ft-msl 

August 28, 2008 

Pool Elevation: 1104.6 ft-msl 

September 23, 2008 



 

 232  

0

1

2

3

4

5

6

0 1 2 3 4 5 6 7 8 9 10 11 12

Dissolved Oxygen (mg/l)
D

ep
th

 (M
et

er
s)

 
Plate 36. Dissolved oxygen depth profiles for Standing Bear Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., STBLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 37. Longitudinal oxidation-reduction potential contour plots of Standing Bear Reservoir based on depth-

profile ORP levels (mV) measured at sites STBLKND1 and STBLKML1 in 2007. 

Pool Elevation: 1104.2 ft-msl 

Pool Elevation: 1103.5 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1104.4 ft-msl 
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Plate 37.  (Continued). 

Pool Elevation: 1104.3 ft-msl 

Pool Elevation: 1104.3 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 38. Longitudinal oxidation-reduction potential contour plots of Standing Bear Reservoir based on depth-

profile ORP levels (mV) measured at sites STBLKND1, STBLKML1, and STBLKUPN1 in 2008. 

Pool Elevation: 1104.1 ft-msl 

Pool Elevation: 1105.3 ft-msl 

Pool Elevation: 1105.2 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 



 

 236  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 38.  (Continued). 

Pool Elevation: 1104.5 ft-msl 

August 28, 2008 

Pool Elevation: 1104.6 ft-msl 

September 23, 2008 
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Plate 39. Oxidation-reduction potential depth profiles for Standing Bear Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., STBLKND1) during the summer over the 5-year 
period of 2004 through 2008. 
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Plate 40. Longitudinal pH contour plots of Standing Bear Reservoir based on depth-profile pH levels (S.U.) 

measured at sites STBLKND1 and STBLKML1 in 2007. 

Pool Elevation: 1104.2 ft-msl 

Pool Elevation: 1103.5 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1104.4 ft-msl 
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Plate 40.  (Continued). 

Pool Elevation: 1104.3 ft-msl 

August 1, 2007 
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Plate 41. Longitudinal pH contour plots of Standing Bear Reservoir based on depth-profile pH levels (S.U.) 

measured at sites STBLKND1, STBLKML1, and STBLKUPN1 in 2008. 

Pool Elevation: 1104.1 ft-msl 

Pool Elevation: 1105.3 ft-msl 

Pool Elevation: 1105.2 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 41.  (Continued). 

Pool Elevation: 1104.5 ft-msl 

August 28, 2008 

Pool Elevation: 1104.6 ft-msl 

September 23, 2008 
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Plate 42. pH depth profiles for Standing Bear Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., STBLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 43. Box plots comparing swface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Standing Bear Reservoir when smmner hypoxic conditions were present 
during the 5-year period 2004 tlu·ough 2008. (Box plots display minimum, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 44. Longitudinal turbidity contour plots of Standing Bear Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites STBLKND1 and STBLKML1 in 2007. 

Pool Elevation: 1104.2 ft-msl 

Pool Elevation: 1103.5 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1104.4 ft-msl 
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Plate 44.  (Continued). 

Pool Elevation: 1104.3 ft-msl 

August 1, 2007 

September 5, 2007 

Pool Elevation: 1104.3 ft-msl 
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Plate 45. Longitudinal turbidity contour plots of Standing Bear Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites STBLKND1, STBLKML1, and STBLKUPN1 in 2008. 

Pool Elevation: 1104.1 ft-msl 

Pool Elevation: 1105.3 ft-msl 

Pool Elevation: 1105.2 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 45.  (Continued). 

Pool Elevation: 1104.5 ft-msl 

August 28, 2008 

Pool Elevation: 1104.6 ft-msl 

September 23, 2008 
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Plate 46. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Standing Bear Reservoir at the near-dam, ambient site (i.e., site STBLKND1) over the 29-
year period of 1980 through 2008. 

 



 

 249  

 
 

 
 

 Plate 47. Summary of runoff water quality conditions monitored in the north tributary inflow to Standing Bear 
Reservoir at monitoring site STBNFNRT1 during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 7 278 26 23 1,766 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 16 ----- 0.20 n.d. 1.20 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 16 2.02 1.45 1.00 6.58 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 16 0.20 0.13 n.d. 0.81 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 16 0.49 0.27 0.03 1.50 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 15 314 68 18 1,272 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 4 ----- n.d. n.d. n.d. ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 12 ----- n.d. n.d. 0.21 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 16 ----- 0.15 n.d. 2.48 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 16 ---- 0.03 n.d. 0.72 390(2), 100(3) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 

Plate 48. Summary of runoff water quality conditions monitored in the south tributary inflow to Standing Bear 
Reservoir at monitoring site STBNFSTH1 during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 7 871 68 26 5,564 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 16 ----- 0.16 n.d. 1.30 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 16 1.91 1.59 0.89 7.14 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 16 0.79 0.35 0.06 7.70 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 16 0.50 0.50 0.06 0.83 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 15 297 334 41 704 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 4 ----- 0.05 n.d. 0.30 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 12 ----- n.d. n.d. 0.13 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 16 ----- 0.08 n.d. 2.05 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 16 ----- n.d. n.d. 0.48 390(2), 100(3) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 



Plate 49. Suuunary of water quality conditions monitored in Wehrspaun Reservoir at the near-dam, deepwater ambient monitoring 
location (i.e. , site WEHLKNDl) fi·om May to September during the 5-year period 2004 tlu·ough 2008. [Note: Results for 
water temperattu·e, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field probe) are for water 
cohllllll depth-profile measurements. Results for chlorophyll a (lab detenuined), hardness, metals, microcystin, and 
pesticides are for "grab samples" collected at a near-swface depth. Results for other parameters are for "grab samples" 
collected at near-swface and near-bottom depths.] 

Monitorin2 Result~ Water· Quality Standards Attainment 

Paumetu Detection No. of StateW~S No. of WQS Per·cen t W QS 
Limit Obs. Mean<A> Median !\'lin. Max. Criteri a > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1093.7 1094 3 10SS.5 1097.4 -- - -
Water Temperature ( C) 0.1 305 22.6 232 13.3 2S.5 32''1 0 00/o 
Dissolved Oxygen (mg/1) 0.1 305 62 7.0 0.0 11.1 > 5l2> S9 29% 
Dissolved Oxv2en (%Sat.) 0.1 296 73.4 S7.4 0.4 140.9 -- - -
Specific Conductance (umho/cm) 1 296 401 3S3 231 569 2,000' '1 0 00/o 
pH (S.U.) 0.1 2S2 S.O S2 6.S S.9 >6.5 & 9.0<1> 0 00/o 
Turbiditv (NTUs) 1 270 25 21 1 105 - - -
Oxidation-Reduction Potential (mV) 1 2S2 296 296 2 441 - - -
Secchi Depth (in.) 1 25 26 22 14 54 - - -
Alkalinity, Total (mg/1) 7 50 123 120 94 169 20l'l 0 00/o 
Ammonia. Total (mg/1) 0.02 50 ----- 0.13 n .d. 2.64 5.72'••'', 1.02\•,v) 0, 2 0%, 4% 
Chlorophyll a (ug/1) - Field Probe 1 191 ts• 17 n .d. S9 16"' 103 54% 
Chlorophyll a (ug/1) - Lab Determined 1 25 36• 27 2 100 16"' 19 76% 
Hardness, Total (mg/l) 0.4 5 119 11S 109 134 - - -
Kieldahl N . Total (mg/l) 0.1 50 1 3 1 3 n .d. 4 .0 -- - --
Nitro2en. Total (mgf) 0.1 50 1 3 1 3 0.1 4.0 1 54"' 10 20% 
Nitrate-Nitrite N, Total {mg/1) 0.02 50 ----- n .d. n .d. 0.66 toow 0 00/o 
Phosphorus. Total (mg/1) 0.02 50 0.15• 0.12 0.02 1.00 0.143(') 15 30% 
Phosphorus-Ortho. Dissolved (mg/1) 0.02 50 -- n.d. n .d. 0.17 --- - - --
Suspended Solids. Total (mg/1) 4 50 13 12 n .d. 25 - - -
Aluminum, Dissolved {ug/1) 25 3 ----- n .d. n .d. n.d. 750"', S7'VJ 0 00/o 
Antimony, Dissolved (ug/l) 6 4 ----- n .d. n .d. n.d. ssw. 30'01 0 00/o 
Arsenic, Dissolved ( ug/l) 3 5 s 10 5 11 340',1. 16. 7,., 0 00/o 
Bervllium, Dissolved (ug/l) 0.5 4 ----- n .d. n .d. n.d. 130PJ, 5.3\0J 0 00/o 
Cadmium, Dissolved {ug/1) 0.5 5 ----- n .d. n .d. n.d. 6.9<>'. 0.3'0' 0 00/o 
Chromium, Dissolved (ug/1) 2 5 ----- n .d. n .d. 2 67S"', SS'VJ 0 00/o 
Copper. Dissolved ( ug/1) 2 5 --- - n.d. n .d. n.d. 16''', 10\VJ 0 00/o 
Lead. Dissolved (ug/1) 2 5 ----- n .d. n .d. n.d. 77''', 3.0\VJ 0 00/o 
Mercury, Dissolved (ug/1) 0.02 5 ----- n .d. n .d. n.d. 1.4"' 0 00/o 
Mercurv, Total (ug/l) 0.02 5 ----- n .d. n .d. n.d. 0.77'0' 0 00/o 
Nickel. Dissolved (ug/l) 3 5 ----- n .d. n .d. n.d. 539PJ, 60\0J 0 00/o 
Selenium, Total (ug/l) 2 5 ----- n .d. n .d. n.d. 20<>,,. 5'01 0 00/o 
Silver. Dissolved ( ug/1) 1 5 ----- n .d. n .d. n.d. 4.6'>) 0 00/o 
Thallium (ug/1) 6 4 --- - n.d. n .d. n.d. 1,400\>1, 6.31' 1 0 00/o 
Zinc, Dissolved (ug/1) 3 5 ----- n .d. n .d. 4 135\' oVJ 0 00/o 
Microcystin, Total ( ug/1) 0.2 17 ----- n .d. n .d. 0.5 20'' ' 0 00/o 
Acetochlor, Total (ug/1)'~' 0.05 5 0.72 0.50 0.10 l.SO - - -
Alachlor, Total {ug/1)'"' 0.05 19 --· n .d. n .d. 0.11 760Pl, 76'0' 0 00/o 
Atrazine, Total (ug/l)'"' 0.05 24 1.21 1.40 0.30 1.90 330PJ, 12\0J 0 00/o 
Metolachlor. Total (ug/l)'"' 0.05 24 --· 0.10 n .d. 1.20 39ow. 100'0' 0 00/o 

l'e.s.ti<:i~e.~C:<lll (\lW.!>.'~'. 0.05 - - -.................................................. .......... ............. 
Atrazine .......... ............. 5 0.46 0.43 0.20 0.7S 330\)). 12\0) 0 00/o .......................................................................................................................... 
Metribuzin 5 ----- n .d. n .d. 0.12 100\0) 0 00/o .......... ............. .......................................................................................................................... ·;-;-d: Proflutalin 3 -- n.d. 0.33 ··- - --.......... ............. .......................................................................................................................... ·· ;-;-d: Trifluralin 5 --- - n.d. 0.21 ----- - --- -

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is an 

arithmetic mean (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) <1> General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultutal criteria for surface waters. 
<•>Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
(S) Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(7) Nutrient criteria for aesthetics. 
(8) Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many of Nebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) hnmunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were not 
detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 200S Section 303(d) impairment assessment criteria. 

250 



 

 251  

 
 

 Plate 50. Summary of water quality conditions monitored in Wehrspann Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site WEHLKML1) from May to September during the 5-year period 
2004 through 2008.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, 
ORP, and chlorophyll a (field probe) are for water column depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 25 1093.7 1094.3 1088.5 1097.4 ----- ----- ----- 
Water Temperature ( C) 0.1 259 22.4 23.3 13.1 28.8 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 258 6.6 7.1 0.0 11.0 ≥ 5(2) 57 22% 
Dissolved Oxygen (% Sat.) 0.1 246 77.4 86.3 0.0 133.4 ----- ----- ----- 
Specific Conductance (umho/cm) 1 247 406 390 248 546 2,000(3) 0 0% 
pH (S.U.) 0.1 224 8.1 8.2 7.1 8.8 ≥6.5 & ≤9.0(1) 0 0% 
Turbidity (NTUs) 1 215 21 18 1 91 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 240 319 342 -15 429 ----- ----- ----- 
Secchi Depth (in.) 1 25 25 22 13 46 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 169 15 15 n.d. 43 16(4) 78 46% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria 
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Plate 51. Longitudinal water temperature contour plots of Wehrspann Reservoir based on depth-profile water 

temperatures (°C) measured at sites WEHLKND1 and WEHLKML1 in 2007. 

Pool Elevation: 1096.3 ft-msl 

Pool Elevation: 1095.2 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1097.4 ft-msl 
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Plate 51.  (Continued). 

Pool Elevation: 1094.4 ft-msl 

Pool Elevation: 1096.5 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 52. Longitudinal water temperature contour plots of Wehrspann Reservoir based on depth-profile water 

temperatures (°C) measured at sites WEHLKND1, WEHLKML1, and WEHLKUP1 in 2008. 

Pool Elevation: 1096.1 ft-msl 

Pool Elevation: 1097.1 ft-msl 

Pool Elevation: 1096.9 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 52.  (Continued). 
 

Pool Elevation: 1095.6 ft-msl 

August 28, 2008 

Pool Elevation: 1095.4 ft-msl 

September 23, 2008 
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Plate 53. Temperature depth profiles for Wehrspann Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., WEHLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 54. Longitudinal dissolved oxygen contour plots of Wehrspann Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites WEHLKND1 and WEHLKML1 in 2007. 

Pool Elevation: 1096.3 ft-msl 

Pool Elevation: 1095.2 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1097.4 ft-msl 
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Plate 54.  (Continued). 

Pool Elevation: 1094.4 ft-msl 

Pool Elevation: 1096.5 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 55. Longitudinal dissolved oxygen contour plots of Wehrspann Reservoir based on depth-profile dissolved 

oxygen concentrations (mg/l) measured at sites WEHLKND1, WEHLKML1, and WEHLKUP1 in 2008. 

Pool Elevation: 1096.1 ft-msl 

Pool Elevation: 1097.1 ft-msl 

Pool Elevation: 1096.9 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 55.  (Continued). 
 

Pool Elevation: 1095.6 ft-msl 

August 28, 2008 

Pool Elevation: 1095.4 ft-msl 

September 23, 2008 
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Plate 56. Dissolved oxygen depth profiles for Wehrspann Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., WEHLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 57. Longitudinal oxidation-reduction potential contour plots of Wehrspann Reservoir based on depth-profile 

ORP levels (mV) measured at sites WEHLKND1 and WEHLKML1 in 2007. 

Pool Elevation: 1096.3 ft-msl 

Pool Elevation: 1095.2 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1097.4 ft-msl 
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Plate 57.  (Continued). 

Pool Elevation: 1094.4 ft-msl 

Pool Elevation: 1096.5 ft-msl 

August 1, 2007 

September 5, 2007 
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Plate 58. Longitudinal oxidation-reduction potential contour plots of Wehrspann Reservoir based on depth-profile 

ORP levels (mV) measured at sites WEHLKND1, WEHLKML1, and WEHLKUP1 in 2008. 

Pool Elevation: 1096.1 ft-msl 

Pool Elevation: 1097.1 ft-msl 

Pool Elevation: 1096.9ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 58.  (Continued). 

Pool Elevation: 1095.6 ft-msl 

August 28, 2008 

Pool Elevation: 1095.6 ft-msl 

September 23, 2008 
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Plate 59. Oxidation-reduction potential depth profiles for Wehrspann Reservoir compiled from data collected at the 

near-dam, deepwater ambient monitoring site (i.e., WEHLKND1) during the summer over the 5-year 
period of 2004 through 2008. 
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Plate 60. Longitudinal pH contour plots of Wehrspann Reservoir based on depth-profile pH levels (S.U.) measured 

at sites WEHLKND1 and WEHLKML1 in 2007. 

Pool Elevation: 1096.3 ft-msl 

Pool Elevation: 1095.2 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1097.4 ft-msl 
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Plate 60.  (Continued). 

Pool Elevation: 1094.4 ft-msl 

August 1, 2007 
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Plate 61. Longitudinal pH contour plots of Wehrspann Reservoir based on depth-profile pH levels (S.U.) measured 

at sites WEHLKND1, WEHLKML1, and WEHLKUP1 in 2008. 

Pool Elevation: 1096.1 ft-msl 

Pool Elevation: 1097.1 ft-msl 

Pool Elevation: 1096.9 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 
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Plate 61.  (Continued). 

Pool Elevation: 1095.6 ft-msl 

August 28, 2008 

Pool Elevation: 1095.4 ft-msl 

September 23, 2008 
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Plate 62. pH depth profiles for Wehrspann Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., WEHLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 63. Box plots comparing smface and bottom water temperatme, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measmed in W ehrspann Rese1voir when summer hypoxic conditions were present 
dming the 5-year period 2004 through 2008. (Box plots display minimum, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 64. Longitudinal turbidity contour plots of Wehrspann Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites WEHLKND1 and WEHLKML1 in 2007. 

Pool Elevation: 1096.3 ft-msl 

Pool Elevation: 1095.2 ft-msl 

June 5, 2007 

July 9, 2007 

May 2, 2007 

Pool Elevation: 1097.4 ft-msl 
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Plate 64.  (Continued). 

Pool Elevation: 1094.4 ft-msl 

August 1, 2007 

Pool Elevation: 1096.5 ft-msl 

September 5, 2007 
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Plate 65. Longitudinal turbidity contour plots of Wehrspann Reservoir based on depth-profile turbidity levels 

(NTU) measured at sites WEHLKND1, WEHLKML1, and WEHLKUP1 in 2008. 

Pool Elevation: 1096.1 ft-msl 

Pool Elevation: 1097.1 ft-msl 

Pool Elevation: 1096.9 ft-msl 

May 21, 2008 

June 27, 2008 

July 22, 2008 



 

 276  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 65.  (Continued). 

Pool Elevation: 1095.6 ft-msl 

August 28, 2008 

Pool Elevation: 1095.4 ft-msl 

September 23, 2008 
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Plate 66. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Wehrspann Reservoir at the near-dam, ambient site (i.e., site WEHLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 67. Summary of runoff water quality conditions monitored in the main tributary inflow to Wehrspann 
Reservoir, upstream of the constructed sediment basin/wetland, at monitoring site WEHNFUSB1 
during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 8 826 673 89 2,000 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 16 0.43 0.23 n.d. 2.00 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 16 3.38 3.47 0.82 5.80 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 16 1.89 1.40 0.21 6.00 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 16 1.12 0.77 0.03 3.00 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 16 931 324 5 3,700 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 3 ----- n.d. n.d. 2.00 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 13 ----- 0.06 n.d. 1.40 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 16 ----- 0.47 n.d. 120.00 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 16 ----- 0.14 n.d. 27.00 390(2), 100(3) 0 0% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life. 
 (4) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 

Plate 68. Summary of runoff water quality conditions monitored in the main tributary inflow to Wehrspann 
Reservoir, immediately below the constructed sediment basin/wetland, at monitoring site WEHNFDSB1 
during the period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Turbidity (NTUs) 1 8 71 24 6 249 ----- -----  ----- 
Ammonia N, Total (mg/l) 0.01 16 0.30 0.23 n.d. 1.10 (1) (1) (1) 
Kjeldahl N, Total (mg/l) 0.1 16 1.67 1.40 1.06 3.11 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 16 1.03 0.84 n.d. 4.50 100(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 16 0.35 0.22 0.04 1.30 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 16 90 18 6 630 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 3 ----- 0.30 n.d. 1.40 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 13 ----- 0.10 n.d. 0.96 760(2), 76(3) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 16 1.79 0.81 n.d. 10.00 330(2), 12(3) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 16 ----- 0.07 n.d. 2.80 390(2), 100(3) 0 0% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Total ammonia criteria pH and temperature dependent.  Since pH was not measured criteria are not calculated. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
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Plate 69. Box plots comparing paired nmoff samples collected upstream (i.e., site WEHNFUSBl) and 
downstream (i.e., WEHNFDSBl) of the constmcted sediment basin/wetland at Welu·spatlll Reservoir 
dw-ing the period 2002 through 2008. (Box plots display mininuun, 25th percentile, 75111 percentile, and 
maximum. Median value is indicated by the red dot.) 
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Plate 70. Sturunary of water quality conditions monitored in Bluestem Reservoit· at the near-dam, deepwater ambient monitoring 
location (i.e., site BLULKNDl) fi·om May to September during the 5-year period 2004 through 2008. [Note: Results for 
water temperattu·e, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field probe) are for water 
cohunn depth-profile measurements. Results for chlorophyll a (lab detennined), hardness, metals, nucrocystin, and 
pesticides are for "grab samples" collected at a near-swface depth. Results for other parameters are for "grab samples" 
collected at near-stuface and near-bottom depths.] 

Paumeter Detection No. of 
Limit Obs. 

Pool Elevation (ft-msl) 0.1 25 
Water Temperature ( C) 
Dissolved Oxygen (mg/1) 
Dissolved Oxygen (% Sat.) 
Specific Conductance (umho/cm) 
pH(S.U.) 
Turbidity (NTUs) 
Oxidation-Reduction Potential (mV) 
Secchi Depth (in.) 
Alkalinitv, Total (mg/1) 
Ammonia, Total (mg/1) 
Chlorophyll a (ugll) - Field Probe 
Chlorophyll a (ug/1) - Lab Determined 
Hardness, Total (mg/1) 
Kjeldahl N, Total (mg/1) 
Nitrogen, Total (mgl) 
Nitrate-Nitrite N, Total (mg/1) 
Phosphorus, Total (mg/1) 
Phosphorus-Ortho, Dissolved (mg/1) 
SuSPended Solids, Total (mg/1) 
Aluminum, Dissolved (ug/1) 
Antimony, Dissolved (ug/1) 
Arsenic, Dissolved (ug/1) 
Beryllium, Dissolved (ug/1) 
Cadmium, Dissolved (u g/1) 
Chromium, Dissolved (ug/1) 
Cower, Dissolved (u g/1) 
Lead, Dissolved (ug/1) 
Mercury, Dissolved (ug/1) 
Mercury, Total (ug/1) 
Nickel, Dissolved (ug/1) 
Selenium, Total (ug/1) 
Silver, Dissolved ( ug/1) 
Thallium (ug/1) 
Zinc, Dissolved (ug/1) 
Microcvstin, Total ( u g/1) 
Acetochlor, Total (ug/1)'"' 
Alachlor, Total (ug/1)'"' 
Atrazine, Total (ug/1)'"' 

Metolachlor, Total (ug/1)'"' 

.l'e..s.ti<:i.~e. .. ~c:a.n.: .. (\lg/!),'~',, ••••••••••••••••••• m • ••••••••••• • m •••••••••• 

Acetochlor 
Atrazine 

0.1 
0.1 
0.1 

0.1 

7 
0 .02 

0.4 
0.1 
0.1 

0 .02 
0 .02 
0.02 

4 
25 

6 
3 

0.5 
0.5 

2 
2 
2 

0 .02 
0 .02 

3 
2 

6 
3 

0.2 
0.05 
0.05 
0.05 
0.05 
0.05 

.......................................................................................................................... .......... ............. 
Deethylatrazine 

·········· · l?.~~~P.r.O.i>i.Ia:tr.~~ ············································ .......... ............ . Metolachlor 

200 
200 
194 
194 
194 
169 
IS5 
25 
50 
50 
133 
21 
5 

50 
50 
50 
50 
50 
50 
3 
4 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 

19 
5 

19 
25 
24 

5 
5 
2 
2 
5 

Prometon 5 
n.d. - Not detected. 

Monitori ng R esults 

Mean<A> Media n l\1in. 
1305.7 1306 2 1301.6 

22.S 22.S 15.S 
6.6 69 03 

7S.6 Sl I 42 
270 279 136 
7.S 7.S 7 I 

231 131 27 
362 364 206 

6 6 2 
105 110 70 

0.07 n.d. 
13 5 2 
14 4 n.d. 

117 121 99 
1.4 I I 05 

2.o• LS 05 
0.70 0.60 0.49 

0.25 0.02 
0.11 0.13 n .d. 

53 2S 6 
n .d. n .d. 
n.d. n.d. 

5 n .d. 
n .d. n .d. 
n .d. n .d. 
n .d. n .d. 
n.d. n.d. 
n .d. n.d. 
n .d. n.d. 
n .d. n.d. 
n .d. n.d. 
n .d. n .d. 
n .d. n.d. 
n.d. n.d. 
n .d. n.d. 
n .d. n.d. 

1.20 1.60 n .d. 
0.20 0.20 n.d. 
1.75 1.20 n.d. 
1.23 0.94 n.d. 

~-----=--=-=f--::'n.'::'d::.l •••••••••• ~d 
1-----73 :.::·S716 f--:2::::3"=01 .......... 0.3 9 
I----'O.:.::.Sc:.51--07 . .::.S5:::1·········· 0.50 
~--___,---,--f-_o.:.;·.::.l 5~1.......... n:x 
I---"O"".S""If-_.::.:O·.=cS7~I ·········· ~d 

n .d. ~d 

Water Quali ty Standar·ds Attainment 

Max. 
State W~S No. of WQS Pel'Cen t W QS 
Criteria > Exceedences Exceedence 

130S 9 
27.6 0 0"/o 
92 20 10% 

122 3 
336 2,000"' 0 0"/o 
S.7 >6.5 & <9.0(1) 0 0"/o 

I ,OS2 
525 

12 
130 20' '' 0 0"/o 

1.24 12 .1 l•,>J,I .S6 \•,oJ 0 0"/o 
59 16"' 23 17% 
75 6 29% 

139 
3.S 
4.6 1.54''' 34 6S% 

1.70 100''' 0 0"/o 
0.7S 0.143"' 47 94% 
O.IS 
254 

47 0 0"/o 
n.d. ssw, 30'"' 0 0"/o 

6 340VJ, 16.7'0
' 0 0"/o 

n .d. 130"', 53'"' 0 0"/o 
n.d. 0 0"/o 
n.d. 0 0"/o 

2 0 0"/o 
n.d. 0 0"/o 
n.d. 0 0"/o 
0.03 0.77'"' 0 0"/o 
n.d. 550"', 61'"' 0 0"/o 

6 20""', 5'"' 0, I 0%, 20% 
n.d. 0 0"/o 
n .d. 0 0"/o 
n.d. 0 0"/o 
I 5 20'"' 0 0"/o 

2.20 
0.46 760"', 76'"' 0 0"/o 
S30 330"', 12'"' 0 0"/o 
2 .90 390VJ, 100'"' 0 0"/o 

----- - -1-------j ............................................... J------1 
0. 1 01----::~--"""·=-+ ............. ~ .. :.;-.................... + ----:--:=--:--- -l 
9.301-----"'3"'30,_l<>_,J,.!.I:.2'_•J-J ...................... 0~............... +---'O'l:.:.Vc::_o - -l 
1.201-------------1 

0.301----:-~-,.---.,.,.,.,---+ .................. -:.:-:........... ·1---.,--- -- -1 
1.701-_ 3::.:9:.::0_,_w., .:.:IO:.::O_l•J -1 ...................... 0~............... +---'O'l:.:.Vc::..o - -1 
0.15 

(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is an 
arithmetic mean (i e., log conversion of logaritlunic pH values was not done to calculate mean). 

lB> (J) General criteria for aquatic life. 
(2) Use-specific criteria for aquatic life. 
(3) Agricultutal criteria for surface waters. 
<•>Total ammonia criteria pH and temperature dependent Criteria listed are calculated for median pH and temperature values. 
(5) Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(7) Nutrient criteria for aesthetics. 
(8) Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) hnmunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimetherramid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn, propachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were not 
detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 200S Section 303(d) impairment assessment criteria. 
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 Plate 71. Summary of water quality conditions monitored in Bluestem Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site BLULKML1) from May to September during the 5-year period 
2004 through 2008.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, 
ORP, and chlorophyll a (field probe) are for water column depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 25 1305.7 1306.7 1301.6 1308.9 ----- ----- ----- 
Water Temperature ( C) 0.1 162 23.0 23.2 15.8 27.9 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 162 6.9 7.1 3.3 8.9 ≥ 5(2) 5 3% 
Dissolved Oxygen (% Sat.) 0.1 157 83.5 84.8 38.3 118.7 ----- ----- ----- 
Specific Conductance (umho/cm) 1 157 272 282 182 335 2,000(3) 0 0% 
pH (S.U.) 0.1 157 7.9 7.9 7.2 8.7 ≥6.5 & ≤9.0(1) 0 0% 
Turbidity (NTUs) 1 138 211 150 27 712 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 149 368 373 243 513 ----- ----- ----- 
Secchi Depth (in.) 1 25 7 6 2 36 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 108 14 6 2 63 16(4) 28 26% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 



Plate 72. Longitudinal water temperature (0 C) contour plots of Bluestem Reservoir based on depth-profile water 
temperatures measured at sites BLULKNDl and BLULKMLl in 2007. 
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Plate 73. Longitudinal water temperature (0 C) contour plots of Bluestem Reservoir based on depth-profile water 
temperatures measured at sites BLULKNDl , BLULKMLl, and BLULKUPl in2008. 
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Plate 74. Temperature depth profiles for Bluestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., BLULKND1) during the summer over the 5-year period of 
2004 to 2008.  
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Plate 75. Longitudinal dissolved oxygen (mg/1) contour plots of Bluestem Reservoir based on depth-profile 
dissolved oxygen concentrations measmed at sites BLULKNDl and BLULKMLl in2007. 
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Plate 76. Longitudinal dissolved oxygen (mg/1) contour plots of Bluestem Reservoir based on depth-profile 
dissolved oxygen concentrations measmed at sites BLULKNDl, BULKMLl , and BLULKUPl in2008. 
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Plate 77. Dissolved oxygen depth profiles for Bluestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., BLULKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 78. Longitudinaltmbidity (NTU) contom plots ofBluestem Reservoir based on depth-profile turbidity levels 
measmed at sites BLULKNDl and BLULKMLl in 2007. 
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Plate 79. Longitudinal tmbidity (NTU) contour plots ofBluestem Reservoir based on depth-profile turbidity levels 
measmed at sites BLULKNDl , BLULKMLl, and BLULKUPl in 2008. 
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Plate 80. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Bluestem Reservoir at the near-dam, ambient site (i.e., site BLULKND1) over the 29-year 
period of 1980 through 2008. 
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 Plate 81. Summary of runoff water quality conditions monitored in the main north tributary inflow to Bluestem 
Reservoir at monitoring site BLUNFNRT1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 9 4.4 4.2 1.6 7.6 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 9 4.44 1.68 0.95 26.75 100(3) 0 0% 
Phosphorus, Total (mg/l) 0.02 9 1.58 1.35 0.66 3.01 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 9 1,009 452 90 5,600 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 7 4.62 2.48 0.24 13.50 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.20 0.20 0.14 0.25 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 9 18.35 4.03 1.43 105.04 330(1), 12(2) 0, 3 0%, 33% 
Metolachlor, Total (ug/l)(C) 0.05 9 2.16 1.46 n.d. 6.20 390(1), 100(2) 0 0% 
E. Coli  (cfu/100ml) 1 10 18,522 22,028 2,500 25,000 ----- ----- ----- 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2)  Chronic criterion for aquatic life. 
 (3) Agricultural criteria for surface waters. 
(C) Immunoassay analysis. 
 

 Plate 82. Summary of runoff water quality conditions monitored in the main west tributary inflow to Bluestem 
Reservoir at monitoring site BLUNFWST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 9 4.4 3.5 1.9 7.2 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 9 2.51 0.95 0.40 9.84 100(3) 0 0% 
Phosphorus, Total (mg/l) 0.02 9 1.33 1.40 0.71 2.20 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 9 1,367 1,200 188 3,860 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 7 3.27 0.99 0.39 11.50 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.38 0.38 0.27 3.50 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 9 24.18 4.07 1.41 165.30 330(1), 12(2) 0, 3 0%, 33% 
Metolachlor, Total (ug/l)(C) 0.05 8 1.38 1.63 n.d. 3.50 390(1), 100(2)   
E. Coli  (cfu/100ml) 1 10 13,651 8,455 2,500 25,000 ----- ----- ----- 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life. 
 (3) Agricultural criteria for surface waters. 
(C) Immunoassay analysis. 
 



Plate 83. Swmuary of water quality conditions monitored in Branched Oak Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site BOKLKNDI) from May to September dwing the 5-year period 2004 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field 
probe) are for water coltullll depth-profile measw·ements. Results for chlorophyll a (lab detennined), hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-swface depth. Results for other 
parameters are for "grab samples" collected at near-swface and near-bottom depths.] 

Monitorine Results Water Q uality Standar·ds Attainment 

Pan meter· Detection No. of StateW~S No. ofWQS P ercentWQS 
Limit Obs. Mean(A) Median Min. Max. Criteria > Exceed ences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1281.5 1280.0 1278.7 1285.4 ----- ----- -
Water Temperature ( C) 0.1 366 22.6 23.0 14.9 27.6 321' 1 0 0% 
Dissolved Oxygen (mg/1) 0.1 366 6.4 6.7 0.1 10.4 > 5(2> 46 13% 
Dissolved Oxygen (% Sat .. ) 0.1 352 75.4 81.9 1.8 124.4 ----- ----- -· 
Specific Conductance (umho/cm) 1 352 418 417 365 498 2,000VJ 0 0% 
pH(S.U.) 0.1 352 8.2 8.2 7.1 8.8 ~6 5 & ~9.0(l) 0 0% 
Turbidity (NTUs) 1 311 19 17 3 135 ----- ----- ·-· 
Oxidation-Reduction Potential (mV) 1 338 364 361 29 515 ----- --- - --- -
Secchi Depth (in ) 1 25 25 25 14 40 --- - ----- ·- · 
Alkalinity, Total {mg/1) 7 50 178 178 150 217 20"' 0 0% 
Anunonia. Total (mg/1) 0 .02 50 0.24 0 .18 n.d. 1 30 5.72 '.,1• 1.04 .,. , 0, 1 0"/o, 2% 
Chlorophyll a (ug/1) - Field Probe 1 237 21• 16 3 86 16" 1 115 49% 
Chlorophyll a (ug/1) - Lab Determined 1 25 23• 19 n.d. 92 16" 1 16 64% 
Hardness, Total {mg/1) 0.4 5 167 168 158 177 ----- ----- -
Kjeldahl N, Total (mg/1) 0.1 50 1.2 1.2 n.d. 1.9 ----- ----- -
Nitrogen, Total (mg/) 0.1 48 1.2 1.2 n.d. 1.9 1.54"' 5 10% 
Nitrate-Nitrite N. Total (mg/1) 0 .02 48 ----- n.d. n.d. 0 .09 1QOVJ 0 0% 
Phosphorus, Total {mg/1) 0 .02 50 0 .11 0 .10 0.01 0 38 0.143"' 9 18% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 50 ----- n.d. n.d. 023 ----- ----- -
Suspended Solids, Total (mg/1) 4 50 13 13 n.d. 33 ----- ----- -
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. 33 750',1• 87'"1 0 0% 
Antimony, Dissolved (ug/1) 6 4 ----- n.d. n.d. n.d. 88',1, 30'"1 0 0% 
Arsenic, Dissolved (ug/1) 3 5 4 4 n.d. 7 34o~>>. 16.71"1 0 0% 
Beryllium. Dissolved (ug/1) 0.5 4 ----- n.d. n.d. n.d. 130l•J, 5 3lUJ 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d. n.d. 9 .8<•J, 0.4lUJ 0 0% 
Chromium. Dissolved (ug/1) 2 5 ----- n.d. n.d. 2 906\>J, 118lUJ 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. n.d. 22',1• 14'"1 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n.d. 113',1• 4.4'"1 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 5 ----- n.d. n.d. n.d. 1.4',' 0 0% 
Mercury, Total (ug/1) 0 .02 5 ----- n.d. n.d. n.d. O.Tl'"' 0 0% 
Nickel, Dissolved ( ug/1) 3 5 ----- n.d. n.d. n.d. 726l•J, 81lUJ 0 0% 
Selenium. Total (ug/1) 2 5 ----- n.d. n.d. n.d. 20V,>J, 5\U) 0 0% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d. n.d. 8.4'>' 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n.d. 1,400VI, 6.Jl•J 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. 23 182"·"' 0 0% 
Microcvstin. Total (ug/1) 0.2 17 ----- n.d. n.d. 0.4 20''1 0 0% 
Acetochlor. Total (ug/1)'"1 0.05 5 0 .40 0.40 020 0.70 --- - --- - ·-· 
Alachlor, Total (ug/1)'"1 0.05 18 ----- 0 .13 n.d. 027 760',1, 76'"1 0 0% 
Atrazine, Total (ug/1)'"' 0.05 23 197 2.14 090 2.82 330l•J, 12lUJ 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 23 ----- 0 .07 n.d. 0 50 390\J)> 100\U) 0 0% 
Pesticide Scan {ugllt u' - ·······- 0.05 

-----:-- .. ----- ----- -
Atrazine - ---4--- .. 1.41 0 .90 0.77 2.80 330(5), 12'6) 0 0% 
Deethylatrazine 

······-········-·······-······· 
· ~:d': 2 ----- 0.15 0 30 ----- ----- -

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4)Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many of Nebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor, propazine, simazine, terbufos, trial1ate, and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 84. Sununary of water quality conditions monitored in Branched Oak Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site BOKLKMLNl) from May to September dW'ing the 5-year period 
2004 tlll'ough 2008. [Note: Results for water tempera.tW'e, dissolved oxygen, conductivity, pH, tmbidity, 
ORP, and chlorophyll a (field probe) are for water colunm depth-profile measW'ements.] 

Monitorine Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No.of WQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1281.5 1280.0 1278.7 1285.4 - ----- ·-
Water Temperature ( C) 0.1 220 23.0 23.5 14.8 27.7 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 220 7.4 7.6 0.4 10.7 > S'"' 9 4% 
Dissolved Oxygen (% Sat.) 0.1 210 89.2 90.5 5.0 139.2 - ----- -----
Specific Conductance {umho/cm) 1 210 418 419 365 497 2,000lS) 0 0% 
pH(S.U.) 0.1 210 8.3 8.3 7.5 8.8 >6.5 & <9.0''' 0 0% 
Turbidity (NTUs) 1 192 22 19 4 82 --- --- - -----
Oxidation-Reduction Potential (mV) 1 204 373 363 138 528 - ----- -----
Secchi Depth (in ) 1 25 22 20 13 32 --- - - -----
Chlorophyll a (ug/1) - Field Probe 1 154 26• 16 5 150 16''' 74 48% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect. mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e .• log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 

Plate 85. Sununary of water quality conditions monitored in Branched Oak Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site BOKLKMLSl) from May to September dW'ing the 5-year period 
2004 tlll'ough 2008. [Note: Results for water tempera.tW'e, dissolved oxygen, conductivity, pH, tmbidity, 
ORP, and chlorophyll a (field probe) are for water colunm depth-profile measW'ements.] 

Monitorine Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No.of WQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1281.5 1280.0 1278.7 1285.4 - ----- --
Water Temperature ( C) 0.1 219 23.0 23.2 15.3 27.6 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 219 7.1 7.0 0.8 11.2 > S'"' 7 3% 
Dissolved Oxygen (% Sat.) 0.1 213 84.8 83.3 10.1 132.5 - --- -----
Specific Conductance {umho/cm) 1 213 418 417 370 505 2,000lS) 0 0% 
pH(S.U.) 0.1 213 8.3 8.2 7.6 8.8 >6.5 & <9.0''' 0 0% 
Turbidity (NTUs) 1 189 22 18 6 125 --- --- - -----
Oxidation-Reduction Potential (mV) 1 206 268 357 175 519 - ----- -----
Secchi Depth (in ) 1 25 20 20 12 32 --- - - -----
Chlorophyll a (ug/1) - Field Probe 1 150 23• 17 4 114 16''' 77 51% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect. mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e .• log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 86. Longitudinal water temperature (0 C) contour plots of Branched Oak Reservoir through the north ann 
based on depth-profile water temperatures measured at sites BOKLKNDl and BOKLKMLNl in 2007. 
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Plate 87. Longitudinal water temperature (0 C) contour plots of Branched Oak Reservoir through the north ann 
based on depth-profile water temperatures measured at sites BOKLKNDl, BOKLKMLNl, and 
BOKLKUPNl in 2008. 
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Plate 88. Temperature depth profiles for Branched Oak Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., BOKLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 89. Longitudinal dissolved oxygen (mg/l) contour plots of Branched Oak Reservoir through the notth arm 
based on depth-profile dissolved oxygen concentrations measured at sites BOKLKND l and 
BOKLKMLNl in 2007. 
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Plate 90. Longitudinal dissolved oxygen (mg/l) contour plots of Branched Oak Reservoir through the notth arm 
based on depth-profile dissolved oxygen concentrations measmed at sites BOKLKNDl, BOKLKMLNl, 
and BOKLKUPNl in 2008. 
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Plate 91. Dissolved oxygen depth profiles for Branched Oak Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., BOKLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 92. Longitudinal oxidation-reduction potential (mV) contour plots of Branched Oak Reservoir through the 
nmth rum based on depth-profile ORP levels measured at sites BOKLKNDl and BOKLKMLNl in2007. 
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Plate 93. Longitudinal oxidation-reduction potential (mV) contour plots of Branched Oak Reservoir through the 
nmth am1 based on depth-profile ORP levels measured at sites BOKLKNDl , BOKLKMLNl, and 
BOKLKUPNl in 2008 . 
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Plate 94. Oxidation-reduction potential depth profiles for Branched Oak Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., BOKLKND1) during the summer over the 5-year 
period of 2004 through 2008. 
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Plate 97. pH depth profiles for Branched Oak Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., BOKLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 98. Box plots comparing swface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Branched Oak Reservoir when sununer hypoxic conditions were present 
during the 5-year period 2004 tlu·ough 2008. (Box plots display minimum, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 101. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Branched Oak Reservoir at the near-dam, ambient site (i.e., site BOKLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 102. Summary of runoff water quality conditions monitored in the main north tributary inflow to Branched 
Oak Reservoir at monitoring site BOKNFNRT1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 5.0 3.2 1.0 17.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 0.81 0.79 0 25 1.30 100(3) 0 0% 
Phosphorus, Total (mg/l) 0.02 7 1.56 0.88 0.41 5.50 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 904 372 38 4,260 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 2 0.81 0.81 0.73 0.88 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.10 0.10 0.09 0.11 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 4 4.82 2.70 1.43 12.43 330(1), 12(2) 0, 1 0%, 25% 
Metolachlor, Total (ug/l)(C) 0.05 4 0.35 0.19 0.11 0.89 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life. 
 (3) Agricultural criteria for surface waters.  
(C) Immunoassay analysis. 
 

 Plate 103. Summary of runoff water quality conditions monitored in the main west tributary inflow to Branched 
Oak Reservoir at monitoring site BOKNFWST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 4.2 3.0 1.5 12.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 1.42 0.62 0 16 6.60 100(3) 0 0% 
Phosphorus, Total (mg/l) 0.02 7 1.03 0.91 0.40 2.20 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 699 580 129 1,480 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 2 1.33 1.33 0.32 2.34 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 1.39 1.39 0.51 2.27 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 4 2.94 3.21 0.64 4.72 330(1), 12(2) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 4 ----- 0.56 n.d. 2.03 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
 (3) Agricultural criteria for surface waters. 
(C) Immunoassay analysis. 
 



Plate 104. Summary of water quality conditions monitored in Conestoga Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site CONLKNDl) from May to September dtumg the 5-year period 2004 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll a (field 
probe) are for water cohUIUl depth-profile measurements. Results for chlorophyll a (lab detennined) , hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-surface depth. Results for other 
parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

Monitorin Results Water Quality Standar·ds Attainment 

Pan met er· Detection No. of StateW~S No.of W QS Per centWQS 
Limit Obs. Mean(A) Median il\fin. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1230.5 1231.4 1225.8 1233.9 - ----- -
Water Temperature ( C) 0.1 190 23.4 24.0 15.5 28.5 32"' 0 0% 
Dissolved Oxygen (mg/1) 0.1 190 6.7 6.9 0.2 15.9 > 5,l, 26 14% 
Dissolved Oxygen (% Sat.) 0.1 185 81.1 83.4 2 .7 196.6 - ----- --
Specific Conductance (umho/cm) 1 185 391 370 316 563 2,000''1 0 0% 
pH(S.U.) 0.1 185 8.2 8.1 7.1 9.2 >6.5 & <9.0' '1 9 5% 
Turbidity (NTUs) 1 160 54 36 14 646 --- ----- ---
Oxidation-Reduction Potential (mV) 1 177 348 354 44 509 - ----- -
Secchi Depth (in ) 1 25 16 15 6 31 --- - ----- -- -
Alkalinitv. Total (=I!) 7 50 130 129 92 164 20''' 0 0% 
Ammonia. Total (mg/1) 0.02 50 0.30 0.20 n.d. 1 30 6.95''·,1• 1.14 , ••• , 0, 2 O"lo, 4% 
Chlorophyll a (ug/1) - Field Probe 1 127 13 9 3 84 16''' 29 23% 
Chlorophyll a (ug/1) - Lab Determined 1 25 26• 21 n.d. 90 16''' 17 68% 
Hardness. Total (mg/1) 0.4 5 146 144 127 176 - ----- -
Kjeldahl N, Total (mg/1) 0.1 50 2 .0 1.9 0.6 5.9 - ----- -- -
Nitrogen, Total (mg/) 0.1 48 21· 2.0 0.6 5.9 1.54"1 38 79% 
Nitrate-Nitrite N. Total (mg/1) 0.02 48 --- - n.d. n.d. 0.80 1oow 0 0% 
PhoSPhorus, Total (mg/1) 0.02 50 0.22• 019 n.d. 0.60 0.143"1 35 70% 
Phosphorus-Ortho, Dissolved (mg/1) 0.02 50 ----- 0.03 n.d. 0 53 - --- - -
Suspended Solids, Total (mg/1) 4 50 23 19 7 62 --- ----- --
Aluminum. Dissolved (ug/1) 25 3 ----- 35 n.d. 70 750"'. 87'"' 0 0% 
Antimony, Dissolved (ug/1) 6 4 ----- n.d. n.d. n.d. 88"'. 30'"' 0 0% 
Arsenic, Dissolved {ug/1) 3 5 7 7 4 9 340"', 16.7'0 ' 0 0% 
Beryllium. Dissolved (ug/1) 0.5 4 --- - n.d. n.d. n.d. 130PJ. 5.3'"' 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d. n.d. 8.4<>'. 0.3'"' 0 0% 
Chromium. Dissolved (ug/1) 2 5 ----- n.d. n.d. 3 798<>'. 104'"1 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. 2 19PJ, 12'"1 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n.d. 96'''. 3.7'"' 0 0% 
Mercury, Dissolved (ug/1) 0.02 5 ----- n.d. n.d. 0.02 1.4"' 0 0% 
Mercury, Total (ug/1) 0.02 5 ----- n.d. n.d. 0.02 0.77'"' 0 0% 
Nickel, Dissolved ( ug/1) 3 5 ----- n.d. n.d. n.d. 637'''. 71'"' 0 0% 
Selenium, Total (ug/1) 2 5 ----- n.d. n.d. 7 20V"1• 5'"1 o. 1 0%, 20% 
Silver. Dissolved (ugfl) 1 5 ----- n.d. n.d. n.d. 6.5<>' 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n.d. 1,400<>1, 6.3<•1 0 0% 
Zinc, Dissolved {ug/1) 3 5 ----- n.d. n.d. 7 160\>,0I 0 0% 
Microcystin, Total (ug/1) 0.2 17 ----- n.d. n.d. 3.3 20' ' ' 0 0% 
Acetochlor. Total (ug/1)'~' 0.05 5 1 14 1.00 n.d. 2 10 ----- ----- ---
Alachlor. Total (ug/1)'~' 0.05 18 029 022 n.d. 093 760"'. 76'"' 0 0% 
Atrazine, Total (ug/1)'~' 0.05 23 223 2.00 0.20 4.40 330"'. 12'"' 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 23 ----- 014 n.d. 2.40 390\>J, 100'"1 0 0% 
Pesticide Scan (ug/1)'"'1 

······- 0.05 ___2_,, - ....... ----- ........... -........................................................ ................ 
Acetochlor n.d. - ······-········-·······- .... _ .. ----- n.d. ~ - ----- -
Atrazine 1 18 1 10 0.59 1.80 •••••••• ~3.§.(~;!2.(~ · 0 0% - ······-········-·······- .... _ .. 

----o3o Dethylatrazine ······-········-·······- .... _ .. ----- 0 15 n.d. - --- - -
Metolachlor ······-········-·······- .... _ ----- n.d. n.d. 010 ·········39o<SJ:· Ioo<6l' ········ 0 0% 
Metribuzin 

.............................. ......... ... ioo<6J' . ..... 
0 

. ............................... 
----- n.d. n.d. 010 0% 

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
(S) Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Imnutnoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor, prQPazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were 
not detected uuless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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 Plate 105. Summary of water quality conditions monitored in Conestoga Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site CONLKML1) from May to September during the 5-
year period 2004 through 2008.  [Note: Results for water temperature, dissolved oxygen, conductivity, 
pH, turbidity, ORP, and chlorophyll a (field probe) are for water column depth-profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 25 1230.5 1231.4 1225.8 1233.9 ----- ----- ----- 

Water Temperature ( C) 0.1 145 23.5 24.0 15.6 28.9 32(1) 0 0% 

Dissolved Oxygen (mg/l) 0.1 145 7.4 7.3 3.9 15.2 ≥ 5(2) 11 8% 

Dissolved Oxygen (% Sat.) 0.1 140 89.0 87.8 46.2 186.7 ----- ----- ----- 
Specific Conductance (umho/cm) 1 140 392 368 323 562 2,000(3) 0 0% 
pH (S.U.) 0.1 140 8.3 8.2 7.5 9.1 ≥6.5 & ≤9.0(1) 3 2% 

Turbidity (NTUs) 1 124 49 37 16 145 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 134 350 347 193 505 ----- ----- ----- 
Secchi Depth (in.) 1 25 14 15 1 22 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 95 13 10 3 37 16(4) 23 24% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plat(' 106. Longitudinal water temperature (0 C) contom- plots of Conestoga Reservoir based on depth-profile water 
temperatures measured at sites CONLKNDl and CONLKMLl in 2007. 
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Plat(' 107. Longitudinal water temperature COC) contom plots of Conestoga. Reservoir based on depth-profile water 
temperatures measmed at sites CONLKNDl, CONLKMLl, and CONLKUP l in 2008. 
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Plate 108. Temperature depth profiles for Conestoga Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., CONLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Plate 109. Longitudinal dissolved oxygen (mg/1) contow· plots of Conestoga Reservoir based on depth-proflle 
dissolved oxygen concentrations measmed at sites CONLKND 1 and CONLKMLl in 2007. 
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Plate 110. Longitudinal dissolved oxygen (mg/1) contow· plots of Conestoga Reservoir based on depth-proflle 
dissolved oxygen concentrations measlU'ed at sites CONLKNDl , CONLKMLI , and CONLKUPl in 
2008. 
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Plate 111. Dissolved oxygen depth profiles for Conestoga Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., CONLKND1) during the summer over the 5-year period of 2004 
through 2008. 
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Platt' 112. Longitudinal turbidity (NTU) contour plots of Conestoga Reservoir based on depth-profile turbidity 
levels measW'ed at sites CONLKNDl and CONLKMLl in 2007. 
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Plate 113. Longitudinal turbidity (NTU) contour plots of Conestoga Reservoir based on depth-profile turbidity 
levels measured at sites CONLKNDl , CONLKMLl, and CONLKUPl in 2008. 
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Plate 114. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Conestoga Reservoir at the near-dam, ambient site (i.e., site CONLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 115. Summary of runoff water quality conditions monitored in the main tributary inflow to Conestoga 
Reservoir at monitoring site CONNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 5 4.2 4.5 2.78 6.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 5 1.45 1.53 0 92 2.04  ----- ----- 
Phosphorus, Total (mg/l) 0.02 5 1.34 1.60 0.85 1.69 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 5 746 730 256 1,270 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 3 1.49 0.73 0.56 3.19 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 4 24.17 9.20 2.28 76.00 330(1), 12(2) 0, 2 0%, 50% 
Metolachlor, Total (ug/l)(C) 0.05 3 ----- 1.76 n.d. 9.02 390(1), 100(2) 0 0% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 116. Smrunary of water quality conditions monitored in Holmes Reservoit· at the near-dam, deepwater ambient 
monitoring location (i.e., site HOLLKNDI) from May to September during the 3-year period 2006 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, tm·bidity, ORP, and chlorophyll a (field 
probe) are for water cohUIUl depth-profile measurements. Results for chlorophyll a (lab detennined), hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-smface Secchi depth. Results for 
other parameters are for "grab samples" collected at near-smface and near-bottom depths.] 

Monitorine Results Water Oualitv Standar·ds Attainment 

Pan met er· Detection No. of StateW~S No. of WQS Per centWQS 
Limit Obs. Mean(A) Median Min. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 15 1242.4 1242.3 1241.9 1243.7 ----- ----- -
Water Temperature ( C) 0.1 125 23.3 24.4 15.5 28.8 321' 1 0 0% 
Dissolved Oxygen (mg/1) 0.1 125 7.6 8.0 0.3 15.7 > 5(2> 22 18% 
Dissolved Oxygen (% Sat) 0.1 118 92.3 92.8 3.2 202.3 ----- ----- -· 
Specific Conductance (umho/cm) 1 125 372 353 286 694 2 ,QQQVI 0 0% 
pH(S.U.) 0.1 125 8.6 8.6 6.5 9.8 ~6 5 & ~9.0(l) 22 18%* 
Turbidity (NTUs) 1 125 15 13 1 47 ----- ----- ·-· 
Oxidation-Reduction Potential (mV) 1 125 304 314 18 469 ----- --- - ----
Secchi Depth (in ) 1 15 39 28 16 108 --- - ----- ·-· 
Alkalinity, Total {mg/1) 7 32 121 119 87 162 20"' 0 0% 
Ammonia. Total (mg/1) 0 .02 32 --- - n.d. n.d. 0 52 2.64 ,. , ,, 0.49 .,. , 0, 1 0"/o, 3% 
Chlorophyll a (ug/1) - Field Probe 1 83 10 6 2 30 44"' 0 0% 
Chlorophyll a (ug/1) - Lab Determined 1 16 29 28 3 89 44"' 4 25% 
Hardness, Total {mg/1) 0.4 3 98 112 70 113 ----- ----- -
Kjeldahl N, Total (mg/1) 0.1 32 1.2 1.3 0.6 1.9 ----- ----- ·-· 
Nitrogen, Total (mg/) 0.1 32 1.2 1.3 0.6 1.9 1.46''' 9 28% 
Nitrate-Nitrite N. Total (mg/1) 0 .02 32 ----- n.d. n.d. 0 .07 }OQVJ 0 0% 
Phosphorus, Total (mg/1) 0 .02 32 0.14* 0.13 0.04 0 51 0.134"' 16 50% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 32 ----- 0.03 n.d. 0 30 ----- ----- -
Suspended Solids, Total (mg/1) 4 30 8 7 n.d. 18 ----- ----- -
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. 32 750',1• 87'"1 0 0% 
Antimony, Dissolved (ug/1) 6 3 ----- n.d. n.d. n.d. 88',1, 30'"1 0 0% 
Arsenic, Dissolved (ug/1) 3 3 8 9 6 10 34o~>>. 16.71"1 0 0% 
Beryllium. Dissolved (ug/1) 0.5 3 ----- n.d. n.d. n.d. 130\J)> 5 3\U) 0 0% 
Cadmium. Dissolved (ug/1) 0.5 3 ----- n.d. n.d. n.d. 6.6\J)> 0 3\U) 0 0% 
Chromium. Dissolved ( ug/1) 2 3 ----- n.d. n.d. n.d. 650\>J, 85lUJ 0 0% 
Copper, Dissolved (ug/1) 2 3 ----- n.d. n.d. n.d. 15',1• 9 9'"1 0 0% 
Lead. Dissolved ( ug/1) 2 3 ----- n.d. n.d. n.d. 73"1. 2 9'"1 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 3 ----- n.d. n.d. n.d. 1.4',' 0 0% 
Mercury, Total (ug/1) 0 .02 3 ----- n.d. n.d. n.d. O.Tl'"' 0 0% 
Nickel, Dissolved ( ug/1) 3 3 ----- n.d. n.d. n.d. 515l•J, 57lUJ 

Selenium. Total (ug/1) 2 3 ----- n.d. n.d. 10 20V,>J, 5\U) 0, 1 0, 33% 
Silver. Dissolved (ug/1) 1 3 ----- n.d. n.d. n.d. 4.2'>' 0 0% 
Thallium ( ug/1) 6 3 ----- n.d. n.d. n.d. 1,4QQVI, 6.Jl•J 0 0% 
Zinc. Dissolved (ug/1) 3 3 ----- n.d. n.d. n.d. 129"·"' 0 0% 
Microcvstin. Total (ug/1) 0.2 16 ----- 0.3 n.d. 1.9 20''1 0 0% 
Acetochlor. Total (ug/1)'"1 0.05 5 0 .18 0.20 n.d. 0 30 --- - --- - ·-· 
Alachlor, Total (ug/1)'"1 0.05 11 ----- n.d. n.d. 0.05 760',1, 76'"1 0 0% 
Atrazine, Total (ug/1)'"' 0.05 16 028 0.30 n.d. 0 59 330l•J, 12lUJ 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 16 ----- n.d. n.d. 0 30 390\J)> 100\U) 0 0% 
Pesticide Scan {ugllt u' - ·······- 0.05 ___l__ .. 330l•J, 12lUJ 0 0% 

330(5), 12'6) 
................................ 

Atrazine - n.d. n.d. 1.70 0 0% 
n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
(S) Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impainnent assessment 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor, propazine, simazine, terbufos, triallate, and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 117. Summaty of water quality conditions monitored in Holmes Reservoir at the mid-lake, deepwater 
ambient monitoring location in the notth rum (i.e., site HOLLKMLNl) from May to September during 
the 3-year period 2006 through 2008. [Note: Results for water temperature, dissolved oxygen, 
conductivity, pH, turbidity, and ORP are for water column depth-profile measurements.] 

Monitorin~t Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. of WQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 15 1242.4 1242.3 1241.9 1243.7 ·-· ----- ·-
Water Temperature ( C) 0.1 109 23.5 24.9 15.5 28.3 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 109 7.8 8.7 0.6 16.6 > 5, l ) 16 15% 
Dissolved Oxygen (% Sat) 0.1 103 95.4 96.5 7.0 213.0 ·-· ----- -----
Specific Conductance (umho/cm) 1 109 367 351 286 499 2.ooo,, , 0 0% 
pH(S.U.) 0.1 109 8.6 8.7 7.4 9.5 >6.5 & <9.0(1) 22 20"/o· 
Turbidity (NTUs) 1 109 14 12 1 43 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 109 321 315 120 500 --- - ----- -----
Secchi Depth (in ) 1 15 41 30 19 120 ----- - -----
Chlorophyll a (ug/1) - Field Probe 1 74 10 6 3 27 44"' 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 

Plate 118. Summaty of water quality conditions monitored in Holmes Reservoir at the mid-lake, deepwater 
ambient monitoring location in the south atm (i.e., site HOLLKMLSl) from May to September during 
the 3-year period 2006 through 2008. [Note: Results for water temperature, dissolved oxygen, 
conductivity, pH, turbidity, and ORP are for water column depth-profile measurements.] 

Monitoritu Results Water· Ouality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean<Al Median Min. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 15 1242.4 1242.3 1241.9 1243.7 - ----- -----
Water Temperature ( C) 0.1 108 23.5 24.8 15.1 29.3 32''1 0 0% 
Dissolved Oxygen (mg/1) 0.1 107 7.8 8.5 0.3 17.4 > 5'"' 2 1 20% 
Dissolved Oxygen (% Sat) 0.1 101 95.0 99.1 4 .0 226.5 - ----- -----
Specific Conductance {umho/cm) 1 108 361 333 273 498 2,000lSJ 0 0% 
pH(S.U.) 0.1 108 8.6 8.6 6.9 9.8 >6.5 & <9.0''' 25 23%• 
Turbidity (NTUs) 1 101 14 12 2 45 --- ----- -----
Oxidation-Reduction Potential (mV) 1 108 321 318 87 528 - --- - -----
Secchi Depth (in ) 1 15 36 30 15 75 --- - ----- -----
Chlorophyll a (ug/1) - Field Probe 1 73 12 7 3 41 44' ' ' 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 

346 



Pool Elevation: 1242.5 ft-msl 

1242-f-------------------------------------------. 

1240 

1232 

1228 

1226 
00 

1244 

Pool Elevation: 1242.1 ft-msl 
1242 

1240~ 

1238 

= 

J.~ ~ 12:36 

5 
-~ 1234 

Qj ~ 
1232 

1230 

1228 

1226 
0 . 0 

124 4 

Pool Elevation: 1241.9 ft-msl 
1242 

1240 

1238 

= 
~ 
!!:. 1236 

c 
0 = "' 1234 ~ ;; 
w 

"1232 

1230 

1228 

1226 
00 

May 4, 2007 

2 3 
Reservoir Mile (Mileg: 'f'rorn Darn) 

June 7, 2007 

2 3 

Reservoir M ile (Miles frorn Darn) 

July 10, 2007 

2 

Ra::t~ervoir Mile (MiiAS!t 'from Darn) 

.4 

·-BiC>ts 
18to20 
20 to22 
22 to24 

·26iC>2s 
28to 30 

:2:30 

---·iri<iTa····· .. 
10 to 15 

·-n iO' Is 
18to20 
20to 22 
'2210'24 
"24to26 
'2610'28 

.... _2&10'"3o .... 
:2:30 

28to 30 
:2:30 

5 

.5 

5 

Plat(' 119. Longitudinal water temperature COC) contom plots of Hohnes Reservoir through the north rum based on 
depth-profile water temperatures measured at sites HOLLKNDl and HOLLKMLNl in 2007. 
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Plat(' 120. Longitudinal water temperature (0 C) contom- plots of Hohnes Reservoir through the north am1 based on 
depth-profile water temperatm-es measw-ed at sites HOLLKNDl , HOLLKMLNl , and HOLLKUPl m 
2008. 
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Plate 121. Temperature depth profiles for Holmes Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., HOLLKND1) during the summer over the 3-year period 2006 
through 2008. 
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Plate 122. Longitudinal dissolved oxygen (mg/1) contour plots of Hohnes Reservoir through the north ann based 
on depth-profile dissolved oxygen concentrations measured at sites HOLLKNDl and HOLLKMLNl in 
2007. 
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Plate 123. Longitudinal dissolved oxygen (mg/1) contour plots of Hohnes Reservoir through the north ann based 
on depth-proflle dissolved oxygen concentrations measured at sites HOLLKNDl , HOLLKMLN l , and 
HOLLKUPl in 2008. 
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Plate 124. Dissolved oxygen depth profiles for Holmes Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., HOLLKND1) during the summer of the 3-year period 2006 
through 2008. 
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Plate 125. Longitudinal oxidation-reduction potential (mV) contour plots of Holmes Reservoil· through the north 
am1 based on depth-proflle ORP levels measured at sites HOLLKNDl and HOLLKMLNl in 2007. 
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Plate 127. Oxidation-reduction potential depth profiles for Holmes Reservoir compiled from data collected at the 

near-dam, deepwater ambient monitoring site (i.e., HOLLKND1) during the summer over the 3-year 
period 2006 through 2008. 
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Plate 128. Longitudinal pH (S.U.) contour plots of Holmes Reservoir through the north ann based on depth-profile 
pH levels measw·ed at sites HOLLKNDl and HOLLKMLN l in 2007. 
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pH levels measured at sites HOLLKNDl, HOLLKMLNl , and HOLLKUPl in 2008. 

364 





 

 366  

0

1

2

3

4

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

pH (S.U.)
D

ep
th

 (M
et

er
s)

 
 
Plate 130. pH depth profiles for Holmes Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., HOLLKND1) during the summer over the 3-year period 2006 through 
2008. 
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Plat(' 131. Box plots comparing smface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measmed in Holmes Reservoir when sununer hypoxic conditions were present during 
the 3-year period 2006 through 2008. (Box plots display mininmm, 25th percentile, 75th percentile, and 
maximum. Median value is indicated by the red dot.) 
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Plate 132. Longitudinal turbidity (NTU) contour plots of Holmes Reservoir tlu·ough the north ann based on depth
profile turbidity levels measured at sites HOLLKNDl and HOLLKMLNl in 2007. 
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Plate 133. Longitudinal turbidity (NTU) contour plots of Holmes Reservoir tlu·ough the north ann based on depth
profile turbidity levels measured at sites HOLLKNDl , HOLLKMLNl, and HOLLKUPl in 2008. 
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Plate 134. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Holmes Reservoir at the near-dam, ambient site (i.e., site HOLLKND1) over the 29-year 
period of 1980 through 2008.  (Note: lake renovation project implemented from 2002 through 2005). 
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 Plate 135. Summary of runoff water quality conditions monitored in the main west tributary inflow to Holmes 
Reservoir at monitoring site HOLNFSTH1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 6 2.0 1.9 0.5 2.1 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 6 0.96 0.79 0.50 2.10 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 6 0.44 0.37 0.29 0.72 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 6 99 48 19 242 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 3 ----- 0.50 n.d 5.61 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 3 0.46 0.28 0.24 0.86 330(1), 12(2) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 3 0.22 0.24 0.19 0.24 390(1), 100(2) 0 0% 
E. coli (cfu/100ml) 1 12 11,092 7,933 548 25,000 ----- ----- ----- 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 

 Plate 136. Summary of runoff water quality conditions monitored in the main east tributary inflow to Holmes 
Reservoir at monitoring site HOLNFEST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 8 1.5 1.6 0.8 2.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 8 0.28 0.29 n.d. 0.57 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 8 0.38 0.35 0.14 0.66 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 8 183 184 15 516 ----- ----- ----- 
Acetochlor , Total (ug/l)(C) 0.05 4 ----- 0.16 n.d. 0.28 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 5 0.48 0.49 0.28 0.70 330(1), 12(2) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 5 0.20 0.18 0.05 0.47 390(1), 100(2) 0 0% 
E. coli (cfu/100ml) 1 13 4,810 2,489 5 14,136 ----- ----- ----- 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 137. Summary of water quality conditions monitored in Olive Creek Reservoit· at the near-dam, deepwater ambient 
monitoring location (i.e., site OCRLKNDI) from May to September during the 5-year period 2004 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field 
probe) are for water cohunn depth-profile measurements . Results for chlorophyll a (lab detennined) , hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-surface depth. Results for other 
parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

M onitorin Results Water Oualit ' Standards Attainment 

Pat'ameter Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean(A) Median 1\fin. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1332.1 1332.9 1328.1 1336.0 --- - ----- -
Water Temperature ( C) 0.1 140 23.5 23.4 16.6 28.4 321'1 0 0% 
Dissolved Oxygen (mg/1) 0.1 139 6.9 7.1 0.2 14 3 >5(2) 25 18%* 
Dissolved Oxygen (% Sat .. ) 0.1 136 83.6 82.0 2 .7 167.7 ----- ----- -· 
Specific Conductance (umho/cm) 1 136 246 252 171 335 2,QQQVJ 0 0% 
pH(S.U.) 0.1 136 8.7 8.8 7.3 9.9 ~6.5 & ~9.0(l) 58 43%* 
Turbidity (NTUs) 1 117 70 57 6 598 ----- ----- ·-· 
Oxidation-Reduction Potential (mV) 1 129 333 346 60 511 ----- --- - --- -
Secchi Depth (in ) 1 25 13 14 2 25 ----- ----- ·- · 
Alkalinity. Total {mg/1) 7 47 124 124 87 170 20" ' 0 0% 
Ammonia. Total (mg/1) 0 .02 47 --- - 0 .17 n.d. 1.10 1.84 ,.,,. 0.37 , ••• , 0.10 0%. 21%* 
Chlorophyll a (ug/1) - Field Probe 1 93 14 11 3 34 16"1 30 32% 
Chlorophyll a (ug/1) - Lab Determined 1 24 31* 18 n.d. 131 16"1 12 50% 
Hardness. Total {mg/1) 0.4 5 111 114 91 130 --- - ----- -
Kjeldahl N. Total (mg/1) 0.1 47 2.3 2 .0 1.0 5.0 ----- ----- ·- · 
Nitrogen. Total (mg/) 0.1 47 2 5* 2.4 1.0 5.0 1.54"' 40 85% 
Nitrate-Nitrite N. Total (mg/1) 0 .02 47 ----- n .d. n.d. 1.50 1QQVJ 0 0% 
Phosphorus. Total (mg/1) 0 .02 47 0.39* 0.40 0.02 0 .84 0.143"' 43 91% 
PhoSPhorus-Ortho. Dissolved (mg/1) 0.02 47 018 019 n.d. 0 .65 ----- ----- ·-
Suspended Solids. Total (mg/1) 4 47 24 22 n.d. 55 ----- ----- -
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. 37 750',1• 87'"1 0 0% 
Antimony. Dissolved (ug/1) 6 4 ----- n.d. n.d. n .d. 88"1• 30'"1 0 0% 
Arsenic. Dissolved (ug/1) 3 5 33 30 16 59 3401>1• 16.'1"1 0.4 0%.80%* 
Beryllium. Dissolved (ug/1) 0.5 4 ----- n.d. n.d. n .d. 130\>J> 5.3\UJ 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d. n .d. 6.7v'. 0.3'u' 0 0% 
Chromium. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n .d. 659\>J> 86\UJ 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. 2 15"1• 10'"1 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n .d. 74" 1• 2 .9'"1 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 5 ----- n.d. n.d. 0.02 1.4',' 0 0% 
Mercury. Total (ug/1) 0 .02 5 ----- n.d. n.d. 0.02 0.77'"1 0 0% 
Nickel. Dissolved ( ug/1) 3 5 ----- n.d. n.d. 3 523','. 58'u' 0 0% 
Selenium. Total (ug/1) 2 5 ----- n.d. n.d. 31 20'' ··'. 5'u' o. 1 0%.20% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d. n .d. 4 3l>J 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n .d. 1.4oow. 6.3' 0

' 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. n .d. 131~'•"1 0 0% 
Microcvstin, Total (ug/1) 0.2 19 ----- n.d. n.d. 32 20'.1 0 0% 
Acetochlor. Total (ug/1)'"1 0.05 5 ----- n.d. n.d. n .d. ----- ----- -
Alachlor. Total (ug/1)'"1 0.05 19 021 020 n.d. 0.44 760','. 76'"1 0 0% 
Atrazine.. Total (ug/1)'"' 0.05 25 223 2 50 n.d. 7.20 330\>J> 12\UJ 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 24 0 .80 0 .42 n.d. 4 .60 39QVJ• 1Q0luJ 0 0% 
Pesticide Scan U!J!ll)'"'_ ......... ...... Q.QS. __L_ .. - -.. - - n.t n.t 1 11~ ·-· .... _ 
__ Atrazine 

......... ...... ....... 
: 312 RO ? 0 llOl'l ?\01 0 : :oo6: ......... ...... ....... .... _ nd 

Deethv1atrazine ......... ...... ....... .... _ .. -- - 075 nd 1 50 -- - - ·-· 
......... ...... ....... .... _ ......................... 0 nd 020 -

Meto1achlor ......... ...... ....... .... _ - nd nd 140 120'_'1. 1 00~ 0 : :ooJ: .............................. 
n.t n.t 70 ......... ...... ....... .... _ ......................... ................................. 

Pr.OPazine._ ......... ...... ....... .... _ .......................... n.t nd - - ................................. 
Simazine -- - nd nd 020 -- -- ·- · 

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e • log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural critetia for surface waters. 
<<> Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS critetia for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. ametryn. atrazine. benfluralin. brornacil. butachlor. butylate. chlorpyrifos. cyanazine. 

deethylatrazine. deisopropylatrazine. dimethenamid. diuron. EPTC. ethalfluralin. fonofos. hexazinone. isophenphos. metolachlor. metribuzin. 
pendimethalin. phorate. prometon. prometryn. propachlor. propazine. simazine. terbufos. triallate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment critetia. 
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Plate 138. Summaty of water quality conditions monitored in Olive Creek Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site OCRLKMLl) from May to September during the 5-year period 
2004 through 2008. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water column depth-profile measurements.] 

Monitorine Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Cri teria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1332.1 1332.9 1328.1 1336.0 ·-· ----- ·-
Water Temperature ( C) 0.1 108 23.3 23.2 16.4 28.5 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 108 7.0 7.0 0.3 12 .2 > S'"' 17 16% 
Dissolved Oxygen (% Sat) 0.1 105 84.9 88.3 0.3 12.2 ·- · ----- -----
Specific Conductance {umho/cm) 1 105 248 255 171 324 2,000l' l 0 0% 
pH(S.U.) 0.1 105 8.6 8.6 7.3 9.9 >6.5 & <9.0''' 46 44%• 
Turbidity (NTUs) 1 91 61 53 5 414 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 99 335 337 -12 506 --- - ----- -----
Secchi Depth (in ) 1 25 13 13 3 20 ----- -- -----
Chlorophyll a (ug/1) - Field Probe 1 72 14 11 3 40 16' ' ' 17 24% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 141. Temperature depth profiles for Olive Creek Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., OCRLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 142. Longitudinal dissolved oxygen (mg/l) contom- plots of Olive Creek Reservoir based on depth-profile 
dissolved oxygen concentrations measm-ed at sites OCRLKNDl and OCRLKMLl in2007. 
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Plate 143. Longitudinal dissolved oxygen (mg/1) contour plots of Olive Creek based on depth-profile dissolved 
oxygen concentrations measmed at sites OCRLKNDl, OCRLKMLl , and OCRLKUPl in 2008. 
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Plate 144. Dissolved Oxygen depth profiles for Olive Creek Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., OCRLKND1) during the summer over the 4-year period of 
2003 through 2006. 
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Plate 145. Longitudinal oxidation-reduction potential (mV) contour plots of Olive Creek Reservoir based on 
depth-profile OR levels measured at sites OCRLKNDl and OCRLKMLl in 2007. 
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Plate 146. Longitudinal oxidation-reduction potential (mV) contour plots of Olive Creek based on depth-profile 
ORP levels measured at sites OCRLKNDl, OCRLKMLI, and OCRLKUPl in 2008. 
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Plate 147. Oxidation-reduction potential depth profiles for Olive Creek Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., OCRLKND1) during the summer over the 5-year 
period of 2004 through 2008. 
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Plate 149. Longitudinal pH (S.U.) contour plots of Olive Creek based on depth-profile pH levels measured at sites 
OCRLKNDl, OCRLKMLl , and OCRLKUPl in 2008. 
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Plate 150. pH depth profiles for Olive Creek Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., OCRLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 151. Box plots comparing surface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Olive Creek Reservoir when sununer hypoxic conditions were present 
during the 5-year period 2004 through 2008. (Box plots display 1ninimmn, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 152. Longitudinal turbidity (NTU) contom plots of Olive Creek Reservoir based on depth-profile turbidity 
levels measured at sites OCRLKNDl and OCRLKMLl i.n2007. 
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Plate 153. Longitudinal turbidity (NTU) contour plots of Olive Creek based on depth-profile turbidity levels 
measured at sites OCRLKNDl , OCRLKMLl , and OCRLKUPl in 2008. 
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Plate 154. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Olive Creek Reservoir at the near-dam, ambient site (i.e., site OCRLKND1) over the 29-
year period of 1980 through 2008.  (Note: lake renovation project implemented from 1999 through 
2002). 
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 Plate 155. Summary of runoff water quality conditions monitored in the main west tributary inflow to Olive Creek 
Reservoir at monitoring site OCRNFWST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 3.7 3.3 2.5 5.2 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 4.08 2.90 1.10 7.68 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 7 1.00 0.90 0.71 1.30 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 501 470 220 1,030 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 6 11.23 3.66 0.28 46.50 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 7 10.79 6.05 0.55 25.10 330(1), 12(2) 0, 6 0, 43% 
Metolachlor, Total (ug/l)(C) 0.05 6 6.47 2.90 2.20 24.50 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 

 Plate 156. Summary of runoff water quality conditions monitored in the main east tributary inflow to Olive Creek 
Reservoir at monitoring site OCRNFEST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 3.27 3.30 1.30 4.40 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 4.44 3.30 2.10 9.52 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 7 1.04 1.06 0.79 1.55 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 459 520 146 700 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 6 6.99 5.79 1.21 18.50 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 7 20.83 17.16 0.63 56.20 330(1), 12(2) 0, 4 0%, 57% 
Metolachlor, Total (ug/l)(C) 0.05 7 4.24 3.73 1.71 10.00 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 157. Smrunary of water quality conditions monitored in Pawnee Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site PA WLKNDI) from May to September during the 5-year period 2004 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, tm·bidity, ORP, and chlorophyll a (field 
probe) are for water cohUIUl depth-profile measurements . Results for chlorophyll a (lab detennined), hardness, 
metals, microcystin, and pesticides are for "grab samples" collected at a near-surface depth. Results for other 
parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

Monitorin Results Water Quality Standards Attainment 

Par·ameter Detection No. of StateW~S No.of WQS Per-cen t WQS 
Limit Obs. Mean(A) Median 1\fin. Max. Cri teria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1243.6 1243.5 1241.6 1245.8 - - -
Water Temperature ( C) 0.1 302 22.8 23.4 14.7 27.7 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 302 6.8 7.0 0.2 13.0 > 5(2> 53 17% 
Dissolved Oxygen (% Sat .. ) 0.1 292 81.1 84.0 2 .1 155.7 - - -
Specific Conductance (umho/cm) 1 291 359 367 268 433 2.000''' 0 0% 
pH(S.U.) 0.1 291 8.5 8.6 7.3 9.6 ~6.5 & 59.0(1) 22 8% 
Turbidity (NTUs) 1 255 23 19 2 207 - - -
Oxidation-Reduction Potential (mV) 1 279 348 351 45 490 - ·-· -
Secchi Depth (in ) 1 24 35 26 14 96 ·- · - -
Alkalinity. Total {mg/1) 7 50 166 169 102 200 20"' 0 0% 
Ammonia. Total (mg/1) 0.02 50 --- - 0.20 n.d. 1.30 2 .65 ,.,, ,, 0.52 .,. , 0, 12 0%,24%• 
Chlorophyll a (ug/1) - Field Probe 1 196 10 5 n.d. 67 16''' 38 19% 
Chlorophyll a (ug/1) - Lab Determined 1 25 27• 16 1 112 16''' 12 48% 
Hardness. Total {mg/1) 0.4 5 130 130 104 152 - - -
Kjeldahl N, Total (mg/1) 0.1 50 1.7 1.6 0.9 3 1 - - -
Nitrogen, Total (mg/) 0.1 48 1.8· 1.7 0.9 3 1 1.54"' 32 67% 
Nitrate-Nitrite N. Total (mg/1) 0.02 48 ----- n .d. n.d. 0.60 100w 0 0% 
Phosphorus, Total (mg/1) 0.02 50 0.23• 0 15 0.04 1.40 0.143"' 30 60% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 50 ----- 0.05 n.d. 0.42 - - -
Suspended Solids, Total (mg/1) 4 50 12 11 n.d. 43 - - -
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. 35 750<>1• 871

"' 0 0% 
Antimony, Dissolved (ug/1) 6 4 ----- n.d. n.d. n .d. 88<>'. 301"1 0 0% 
Arsenic. Dissolved (ug/1) 3 5 14 10 9 25 340l>1, 16f'1 2 40% 
Beryllium. Dissolved (ug/1) 0.5 4 ----- n.d. n.d. n .d. now. 5.3'"' 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d. n .d. 7.6'''. 0.3'"' 0 0% 
Chromium. Dissolved (ug/1) 2 5 ----- n.d. n.d. 3 734VJ. 96'"' 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. 3 17','. 111"1 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n .d. 86<>'. 3.31

"' 0 0% 
Mercurv. Dissolved (ug/1) 0.02 5 ----- n.d. n.d. n .d. 1.4PJ 0 0% 
Mercury, Total (ug/1) 0.02 5 ----- n.d. n.d. n .d. 0.77'"' 0 0% 
Nickel, Dissolved ( ug/1) 3 5 ----- n.d. n.d. n .d. 585VJ. 65'"' 0 0% 
Selenium. Total (ug/1) 2 5 ----- n.d. n.d. 10 20V>'J, 5'"1 o. 1 0%, 20% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d. n .d. 5.9VJ 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n .d. 1,400v'. 6.3101 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. 4 146'>,0) 0 0% 
Microcvstin. Total (ug/1) 0.2 17 ----- 0.2 n.d. 5 1 20

1
"' 0 0% 

Acetochlor. Total (ug/1)1" 1 0.05 5 096 0.80 0.40 2.20 --- - ·-· -
Alachlor, Total (ug/1)1" 1 0.05 18 025 018 n.d. 1.38 760PJ, 76\0J 0 0% 
Atrazine. Total (ug/1)'"' 0.05 23 1.80 190 0.60 4.90 330VJ. 12'"' 0 0% 
Metolachlor. Total (ug/1)'"' 0.05 23 029 017 n.d. 1.50 390VJ. 100'"' 0 0% 
Pesticide Scan {ugllt u' ......... 0.05 ___2_ .. - - -

Atrazine 1.80 190 0.60 4.90 330\)). 12\0) 0 0% ......... ....................... -·· 
Deethylatrazine 0 30 0 30 0.30 0.30 - - -

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (l) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4)Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn. atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos. cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron. EPTC. ethalfluralin, fonofos. hexazinone, isophenphos. metolachlor, metribuzin. 
pendimethalin. phorate, prometon, prometryn. propachlor, propazine, simazine, terbufos. triallate, and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 158. Summaty of water quality conditions monitored in Pawnee Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site PA WLKMLl) from May to September during the 5-year period 
2004 through 2008. [Note: Results for water temperatme, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water colunm depth-profile measurements.] 

Monitor~ Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean<Al Median Min. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1243.6 1243.5 1241.6 1245.8 - ----- -----
Water Temperature ( C) 0.1 208 23.0 23.7 15.0 27.8 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 208 7.8 8.0 0.5 12.7 > 5,l, 17 8% 
Dissolved Oxygen (% Sat) 0.1 198 94.4 95.0 6.8 167.4 - ----- -----
Specific Conductance (umho/cm) 1 198 356 366 118 412 2.000, 0 0% 
pH(S.U.) 0.1 198 8.6 8.7 7.5 9.6 >6.5 & <9.0(1) 29 15%• 
Turbidity (NTUs) 1 173 33 30 8 99 --- ----- -----
Oxidation-Reduction Potential (mV) 1 189 356 352 180 498 - --- - -----
Secchi Depth (in ) 1 25 21 18 11 48 --- - ----- -----
Chlorophyll a (ug/1) - Field Probe 1 127 12 8 n.d. 74 16' .' 25 20% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect. mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e .• log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plat(' 159. Longitudinal water temperatme (0 C) contom plots of Pawnee Reservoir based on depth-profile water 
temperatures measmed at sites P A WLKND 1 and P A WLKMLl in 2007. 
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Plat(' 160. Longitudinal water temperatme (0 C) contom plots of Pawnee Reservoir based on depth-profile water 
temperatures measmed at sites PA WLKNDl, PA WLKMLl, and PA WLKUPl in 2008. 
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Plate 161. Temperature depth profiles for Pawnee Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PAWLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 162. Longitudinal dissolved oxygen (mg/l) contour plots of Pawnee Reservoir based on depth-profile 
dissolved oxygen concentrations measured at sites PA WLKNDI and PA WLKMLl in 2007. 
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Plate 163. Longitudinal dissolved oxygen (mg/1) contour plots of Pawnee Reservoir based on depth-profile 
dissolved oxygen concentrations measmed at sites PAWLKNDl, PAWLKMLl , and PAWLKUPl Ill 
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Plate 164. Dissolved oxygen depth profiles for Pawnee Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PAWLKND1) during the summer of the 5-year period of 2004 
through 2008. 
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Plate 165. Longitudinal oxidation-reduction potential (mV) contom plots of Pawnee Reservoir based on depth
profile ORP levels measured at sites P A WLKND 1 and P A WLKML 1 in 2007. 
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Plate 166. Longitudinal oxidation-reduction potential (mV) contom plots of Pawnee Reservoir based on depth
profile ORP levels measured at sites PAWLKNDl , PAWLKMLl, and PAWLKUPl in2008. 
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Plate 167. Oxidation-reduction potential depth profiles for Pawnee Reservoir compiled from data collected at the 

near-dam, deepwater ambient monitoring site (i.e., PAWLKND1) during the summer of the 5-year 
period of 2004 through 2008. 
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Plate 168. Longitudinal pH (S.U.) contour plots of Pawnee Reservoir based on depth-profile pH levels measmed at 
sites PAWLKNDl and PAWLKMLl in 2007. 
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Plate 169. Longitudinal pH (S.U.) contour plots of Pawnee Reservoir based on depth-profile pH levels measm ed at 
sites PAWLKNDl , PAWLKMLl , and PAWLKUPl in2008. 
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Plate 170. pH depth profiles for Pawnee Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., PAWLKND1) during the summer of the 5-year period of 2004 through 
2008. 
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Plat(' 171. Box plots compru·ing smface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Pawnee Reservoir when summer hypoxic conditions were present during 
the 5-year period 2004 through 2008. (Box plots display mininmm, 25th percentile, 75th percentile, and 
maximum. Median value is indicated by the red dot.) 
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Plate 172. Longitudinal turbidity (NTU) contour plots of Pawnee Reservoir based on depth-profile turbidity levels 
measured at sites P A WLKND 1 and P A WLKMLl in 2007. 
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Plate 173. Longitudinal turbidity (NTU) contour plots of Pawnee Reservoir based on depth-profile turbidity levels 
measured at sites PAWLKNDl, PAWLKMLl , andPAWLKUPl in 2008. 
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Plate 174. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Pawnee Reservoir at the near-dam, ambient site (i.e., site PAWLKND1) over the 29-year 
period of 1980 through 2008. 
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 Plate 175. Summary of runoff water quality conditions monitored in the main tributary inflow to Pawnee 
Reservoir at monitoring site PAWNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 5 3.3 2.4 1.9 7.1 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 5 0.91 0.73 n.d. 2.17 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 5 1.06 0.76 0.57 2.30 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 5 549 392 48 1,700 ----- ----- ----- 
Acetochlor,  Total (ug/l)(C) 0.05 3 7.26 1.46 0.82 19.50 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.54 0.54 0.17 0.90 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 5 3.92 1.27 0.53 15.10 330(1), 12(2) 0, 1 0%, 20% 
Metolachlor, Total (ug/l)(C) 0.05 5 1.18 1.09 0.09 3.11 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 176. Summary of water quality conditions monitored in Stagecoach Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site STGLKNDI) from May to September during the 5-year period 2004 tlu·ough 2008. 
[Note: Results for water temperattu·e, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll a 
(field probe) are for water cohUIUl depth-profile measurements. Results for chlorophyll a (lab detennined), 
hardness, metals, microcystin, and pesticides are for "grab samples" collected at a near-smface depth. Results for 
other parameters are for "grab samples" collected at near-smface and near-bottom depths.] 

Monitorin Results W ater Oualitv Standa rds Attainment 

Pat'ameter Detection No. of State W~S No. of WQS Pel'Cen t WQS 
Limit Obs. M ean(A) Median 1\fin. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1271.1 1271.0 1270.1 1274.1 - - -
Water Temperature ( C) 0.1 198 23.2 23.6 15.3 27.8 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 198 6.2 6.6 0.2 99 > 5(2> 50 25%* 
Dissolved Oxygen (% Sat .. ) 0.1 191 74.1 78.2 2 .8 123.8 - - -
Specific Conductance (umho/cm) 1 198 343 352 159 474 2.000''' 0 0% 
pH(S.U.) 0.1 198 8.0 8.0 7.1 8.7 ~6.5 & 59.0(1) 0 0% 
Turbidity (NTUs) 1 174 146 39 7 1,239 - - -
Oxidation-Reduction Potential (mV) 1 189 357 355 229 496 - - -
Secchi Depth (in ) 1 25 13 13 2 30 ·- · - -
Alkalinity. Total {mg/1) 7 50 133 130 50 200 20"' 0 0% 
Ammonia. Total (mg/1) 0.02 50 0.22 0.13 n.d. 0.92 8.40 •,>). 1.35 ,.,o, 0 0% 
Chlorophyll a (ug/1) - Field Probe 1 125 29* 11 2 123 16''' 53 42% 
Chlorophyll a (ug/1) - Lab Determined 1 24 13 9 n.d. 39 16''' 7 29% 
Hardness. Total {mg/1) 0.4 4 134 131 114 162 - - -
Kjeldahl N, Total (mg/1) 0.1 50 1.4 1.2 0.6 2.7 - - -
Nitrogen, Total (mg/) 0.1 50 I 9* 1.7 0.9 3.6 1.54"' 28 56% 
Nitrate-Nitrite N. Total (mg/1) 0.02 50 ----- 0.13 n.d. 2 .20 lOOVI 0 0% 
Phosphorus, Total (mg/1) 0.02 50 0.21* 017 0.07 0.64 0.143" ' 30 60% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 50 ----- 0.04 n.d. 0.21 - - -
Suspended Solids, Total (mg/1) 4 50 46 25 n.d. 370 - - -
Aluminum. Dissolved ( ug/1) 25 3 ----- n.d. n.d. n .d. 750<>'. 87'0' 0 0% 
Antimony, Dissolved (ug/1) 6 4 ----- n.d. n.d. n .d. 88<>'. 30'01 0 0% 
Arsenic. Dissolved (ug/1) 3 5 ----- n.d. n.d . 7 340P>, 16f'J 0 0% 
Beryllium. Dissolved (ug/1) 0.5 4 ----- n.d. n.d. n.d. now. 5.3'"1 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n.d. n.d . n .d. 7.7''1• 0.3'"1 0 0% 
Chromium. Dissolved ( ug/1) 2 5 ----- n.d. n.d . n .d. 7J9VI, 96'"1 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n.d. n.d. n .d. 17','. 11'01 0 0% 
Lead. Dissolved ( ug/1) 2 5 ----- n.d. n.d. n .d. 87<>'. 3.4'0' 0 0% 
Mercurv. Dissolved (ug/1) 0.02 5 ----- n.d. n.d. n .d. 1.4PJ 0 0% 
Mercury, Total (ug/1) 0.02 5 ----- n.d. n.d. 0.02 0.77'01 0 0% 
Nickel, Dissolved ( ug/1) 3 5 ----- n.d. n.d . n .d. 588VI, 65'"1 0 0% 
Selenium. Total (ug/1) 2 5 ----- n.d. n.d . 4 20V>'I, 5l"l 0 0% 
Silver. Dissolved (ug/1) 1 5 ----- n.d. n.d . n .d. 5.5VI 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d . n .d. 1,40QVI, 6.Jl•J 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n.d. n.d. 6 147'>,0I 0 0% 
Microcvstin. Total (ug/1) 0.2 19 ----- n.d. n.d. 0.37 20'"' 0 0% 
Acetochlor. Total (ug/J)l'-1 0.05 5 ----- 0.60 n.d. 1.30 - - -
Alachlor. Total (ug/1)'"1 0.05 19 0.15 016 n.d. 0.29 760PJ, 76\0J 0 0% 
Atrazine. Total (ug/1)'"' 0.05 25 3.09 2.07 n.d . 21.00 3J0VI, 12'"1 1 4% 
Metolachlor. Total (ug/1)'"1 0.05 24 1.04 0.70 n.d . 4.20 390VI, 100'"1 0 0% 
Pesticide Scan {ugllt u' ......... 0.05 ___2_,__ ,, - - -·······-········-········-·······-····· 

Acetochlor ----- 0.60 n.d . 1.30 - - -.... _ .. ......... ...... ....... 
n.d. 760PJ. 76~ 0 Alachlor ......... ...... ....... .... _ ----- n.d. 0.20 0% 

Atrazine 422 3 90 0.24 10.30 3JOPJ. 12\0J 0 0% ......... ...... ....... .... _ .............................. 
Deethylatrazine n.d. ......... ...... ....... .... _ ----- 0 55 1.10 - - -.............................. 
Deisopropylatrazine ----- 010 n.d. 0.20 - - -......... ...... ....... .... _ .. 
Metolachlor ----- n.d . n.d . 1.80 3 90\)). 1 0010' 0 0% 

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (l) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
<<> Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many of Nebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

(C) Immunoassay analysis. 

(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. ametryn. atrazine. benfluralin, bromacil. butachlor. butylate. chlorpyrifos. cyanazine, 
deethylatrazine, deisopropylatrazine, dimethenamid, diuron. EPTC. ethalfluralin, fonofos. hexazinone. isophenphos. metolachlor. metribuzin. 
pendimethalin. phorate, prometon, prometryn. propachlor. propazine. simazine, terbufos. triallate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 177. Summary of water quality conditions monitored in Stagecoach Reservoir at the rnid-lake, deepwater 
ambient monitoring location (i.e., site STGLKMLl) from May to September during the 5-year period 
2004 through 2008. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water column depth-profile measurements.] 

Monitorine Results Water· Quality Standards Attainment 

Pan meter· Detection No. of StateW~S No. ofWQS PercentWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Criteria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1271.9 1271.0 1270.1 1291.5 ·-· ----- ·-
Water Temperature ( C) 0.1 166 23.0 23.2 15.0 27.8 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 166 6.3 6.7 1.5 9.6 > 5'"' 38 23% 
Dissolved Oxygen (% Sat) 0.1 161 75.9 80.5 18.3 118.0 ---- ----- -----
Specific Conductance {umho/cm) 1 166 345 356 169 475 2,000l'l 0 0% 
pH(S.U.) 0.1 166 8.0 8.0 7.0 8.8 >6.5 & <9.0''' 0 0% 
Turbidity (NTUs) 1 142 159 47 9 1,301 ---- ----- -----
Oxidation-Reduction Potential (mV) 1 159 363 377 228 498 - ----- ·-
Secchi Depth (in ) 1 25 12 13 2 25 ----- -- -----
Chlorophyll a (ug/1) - Field Probe 1 107 27• 11 2 107 16' ' ' 44 41% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plat(' 178. Longitudinal water temperature (0 C) contour plots of Stage.coach Reservoir based on depth-profile 
water tempera1:m-es measured at sites STGLKNDl and STGLKMLl in 2007. 

434 



1268 

1274 

t272 

1270 

1268 

'iii 
~ 1266 

3 e 1264 

w 
1262 

1260 

t258 

Pool Elevation: 1270.5 ft-msl 

Pool Elevation: 1270.5 ft-msl 

August 3, 2007 

" IR~t!t--lllitrvoir Mile (Milas f'r orn D am) 

25 to 26 C 

September 7, 2007 

~30 

12564------------,------------.-----------~------------.------------.----------~r-----------, 
0 .0 • 1 . 2 3 .4 . 5 .6 .7 

Res.ervoi r Mile ( M iles from Darn) 

Plat(' 178. (Continued) . 

435 



1274 

Pool Elevation: 1271.5 ft-msl 
1272 

1270 

1268 
18to 19 C 

~ 
Iii=' 1266 
~ 
1:: 
C> 

1a ,.. 
~ 

1264• 

UJ 

1262 

1260 May 29, 2008 
1258 

.,256 
00 2 3 " 5 6 T 

R e servoi r M ile (MUe s from D a m) 

1274 
Pool Elevation: 1274. 1 ft-msl 

t272 
--- :es -33' 

~;e:Ji 
1270· 

1268 

~ 1266 ~~ 
~ 
1:: ---C> 

~ 1264 __-z..----,..-w 
1262 

1260 

J une 25, 2008 
t258 

1256 
0 .0 . 1 .2 3 .4 . 5 .6 .7 

R eservoir Mile (Miles from Darn) 

1274 

1272 Pool Elevation: 1271.4 ft-msl 

1270 

1268 

~ e. 1266 c: 
C> e w 1264 ~ 

1262 

1260 

1258 
July 24, 2008 :?:30 

1Z56 
00 2 3 4 5 6 T 

R e s e rvoir Mile (Mile s 'from Oarn) 

Plat(' 179. Longitudinal water temperature (0 C) contour plots of Stage.coach Reservoir based on depth-profile 
water temperatures measured at sites STGLKNDl, STGLKMLl, and STGLKUPl in 2008. 
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Plate 180. Temperature depth profiles for Stagecoach Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., STGLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 181. Longitudinal dissolved oxygen (mg/l) contom plots of Stagecoach Reservoir based on depth-profile 
dissolved oxygen concentrations measmed at sites STGLKNDl and STGLKMLl in2007. 
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Plate 182. Longitudinal dissolved oxygen (mg/l) contom plots of Stagecoach Reservoir based on depth-profile 
dissolved oxygen concentrations measured at sites STGLKNDl, STGLKMLl, and STGLKUPl Ill 

2008. 
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Plate 183. Dissolved oxygen depth profiles for Stagecoach Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., STGLKND1) during the summer over the 5-year period 
of 2004 through 2008. 
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Plate 184. Oxidation-reduction potential depth profiles for Stagecoach Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., STGLKND1) during the summer over the 5-year 
period of 2004 through 2008. 



 

 445  

0

1

2

3

4

5

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

pH (S.U.)
D

ep
th

 (M
et

er
s)

 
 
Plate 185. pH depth profiles for Stagecoach Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., STGLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Plate 188. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Stagecoach Reservoir at the near-dam, ambient site (i.e., site STGLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 189. Summary of runoff water quality conditions monitored in the south tributary inflow to Stagecoach 
Reservoir at monitoring site STGNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 8 17.0 3.3 1.2 117.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 8 1.61 1.07 0.47 4.94 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 8 1.06 0.90 0.23 2.50 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 8 388 266 38 1,030 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 6 3.85 1.87 0.43 11.00 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 8 27.91 5.36 0.25 167.50 330(1), 12(2) 0, 2 0%, 25% 
Metolachlor, Total (ug/l)(C) 0.05 8 2.32 1.83 n.d. 7.50 390(1), 100(2) 0 0% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 190. Summary of water quality conditions monitored in East Twin Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site ETNLKNDl) fi·om May to September dtuing the 5-year period 2004 through 2008. 
[Note: Results for water temperattu·e, dissolved oxygen, conductivity, pH, tm·bidity, ORP, and chlorophyll a 
(field probe) are for water cohUIUl depth-profile measurements. Results for chlorophyll a (lab detennined), 
hardness, metals, microcystin, and pesticides are for "grab samples" collected at a near-stuface depth. Results for 
other parameters are for "grab samples" collected at near-stuface and near-bottom depths.] 

Monitot'm! Results W ater Q uality Standat·ds Atta inment 

Parameter Detection No. of StateW~S No. of W QS P el'Cen t WQS 
Limit Obs. M ean (A> Med ian l\1in. M aL Cti teria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1339.7 1340.1 1336.7 1341.3 ---- ----- -
Water Temperature ( C) 0.1 265 22.9 23.6 149 27.8 32

1
' ' 0 0"/o 

Dissolved Oxygen (mg/1) 0.1 265 6.4 7 .0 0 1 17.1 >5(2) 44 17% 
Dissolved Oxygen (% Sat .. ) 0.1 257 77.1 83.1 1 5 210.0 ----- ----- -
Specific Conductance (umho/cm) 1 257 382 379 312 500 2,0QQVJ 0 0"/o 
pH(S.U.) 0.1 257 8.2 8.2 7.0 9.2 ~6.5 & ~9.0(l) 2 1% 
Turbidity (NTUs) 1 223 26 19 9 119 ----- ----- -
Oxidation-Reduction Potential (mV) 1 242 332 343 36 493 ----- ----- -
Secchi Depth (in ) 1 25 26 26 10 52 ----- ----- -
Alkalinity, Total {mg/1) 7 50 139 142 100 175 20"' 0 0"/o 
Ammonia. Total (mg/1) 0 .02 50 0.24 0.15 n .d. 1.72 4.71 ,.,,, o .85'· ··' 0, 1 0%, 2% 
Chlorophyll a (ug/1) - Field Probe 1 166 12 10 2 32 16"' 43 26% 
Chlorophyll a (ug/1) - Lab Determined 1 25 22• 19 1 58 16"' 15 60% 
Hardness, Total {mg/1) 0.4 5 134 138 110 151 ----- ----- -
Kjeldahl N, Total (mg/1) 0.1 50 1.6 1.5 0.6 3.3 ----- ----- -
Nitrogen, Total (mg/) 0.1 50 t.7• 1.6 0.6 3.3 1.54"' 31 62% 
Nitrate-Nitrite N, Total (mg/1) 0 .02 50 ----- n.d. n.d. 0 .80 100v' 0 0"/o 
Phosphorus, Total {mg/1) 0 .02 50 0 .12 0.10 0.02 0 37 0.143"' 10 20% 
Phosohorus-Ortho, Dissolved (mg/1) 0.02 50 -- n.d. n .d. 0.07 ---- ----- --
Suspended Solids, Total (mg/1) 4 50 13 12 4 43 ----- ----- -
Aluminum, Dissolved ( ug/1) 25 3 ----- n .d. n .d. 36 750','. 87'"' 0 0"/o 
Antimony, Dissolved (ug/1) 6 4 ----- n .d. n .d. n.d. 88"'. 30'"' 0 0"/o 
Arsenic, Dissolved (ug/1) 3 5 3 4 n .d. 6 340(>'. 16:1"' 0 0"/o 
Betyllium, Dissolved (ug/1) 0.5 4 ----- n .d. n.d. n.d. 130\J)> 5.3\UJ 0 0"/o 
Cadmium, Dissolved (ug/1) 0.5 5 ----- n .d. n .d. n.d. 8.0VJ> 0.3\UJ 0 0"/o 
Chtomium, Dissolved (ug/1) 2 4 ----- n .d. n .d. 2 771'.' . 100'u' 0 0"/o 
Copper, Dissolved (ug/1) 2 5 ---- n .d. n .d. n.d. 18"'. 12'"' 0 0"/o 
Lead, Dissolved ( ug/1) 2 5 ----- n .d. n .d. n.d. 92"'. 3.6'"' 0 0"/o 
Mercurv, Dissolved (ug/1) 0.02 5 ----- n .d. n .d. n.d. 1.4"' 0 0"/o 
Mercury, Total (ug/1) 0.02 5 ----- n .d. n .d. 0.02 0.77'"' 0 0"/o 
Nickel, Dissolved ( ug/1) 3 5 ----- n .d. n .d. n.d. 615\J)> 68\UJ 0 0"/o 
Selenium, Total (ug/1) 2 5 ----- n .d. n .d. 6 20\>,>J> 5\UJ 0, 1 0%, 20% 
Silver, Dissolved (ug/1) 1 5 ----- n .d. n .d. n.d. 6.QVJ 0 0"/o 
Thallium ( ug/1) 6 4 ---- n .d. n .d. n.d. 1,4oow, 6.3'•' 0 0"/o 
Zinc, Dissolved (ug/1) 3 5 ----- n .d. n .d. 4 154"·"' 0 0"/o 
Microcvstin. Total (ug/1) 0.2 17 ----- n .d. n .d. 0 58 2o'•' 0 0"/o 
Acetochlor, Total (ug/1)'"' 0.05 5 ---- n .d. n .d. 2 .00 ---- ----- ----
Alachlor, Total (ugll)'"' 0.05 18 0.63 0.66 0.20 1.40 760','. 76'"' 0 0"/o 
Atrazine, Total (ug/1)'~' 0.05 23 2.39 2.60 0.70 4 10 330l•J, 12\UJ 0 0"/o 
Metolachlor, Total (ug/1)'~' 0.05 23 0.80 0.37 n .d. 3.60 390'.' . 100'u' 0 0"/o 
Pesticide Scan {ug/lr' 0.05 ········-·········-····· ----- ----- -

Acetochlor -- n.d. n .d. 020 ----- ----- --
Atrazine 1.60 1.30 1.00 2 30 330'5l. 12~ 0 0"/o 
Deethylatrazine 0 .65 0.65 0.60 0.70 ----- ----- - -· 
Metolachlor ----- n .d. n .d. 120 390','. 100'"' 0 0"/o ········-·········-····· 

n .d. ········· ~:;:t: Prometon -- 010 ---- ----- --
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surl'ace waters. 
<<>Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
(6) Chtonic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Otganization recommended criterion of 20 ug/1 microcystins in recreation water for impairment assessment. 
Note: Many of Nebraska's WQS criteria for metals are hardness based. As apptopriate, listed criteria were calculated using the median hardness. 

(C) lmmnnoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor, alachlor, ametryn, atrazine, benfluralin, bromacil, butachlor, butylate, chlorpyrifos, cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron, EPTC, ethalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, 
pendimethalin, phorate, prometon, prometryn, propachlor, propazine, sirnazine, terbufos, trial1ate, and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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 Plate 191. Summary of water quality conditions monitored in East Twin Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site ETNLKML1) from May to September during the 5-year period 
2002 through 2006.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water column profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A) 

 
Median 

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 25 1339.7 1340.1 1336.7 1341.3 ----- ----- ----- 
Water Temperature ( C) 0.1 205 23.2 23.9 14.8 28.2 32(1) 0 0% 
Dissolved Oxygen (mg/l) 0.1 204 7.3 7.3 0.3 14.6 ≥ 5(2) 17 8% 
Dissolved Oxygen (% Sat.) 0.1 197 88.3 88.8 4.0 174.5 ----- ----- ----- 
Specific Conductance (umho/cm) 1 198 381 380 318 488 2,000(3) 0 0% 
pH (S.U.) 0.1 198 8.3 8.3 7.3 9.1 ≥6.5 & ≤9.0(1) 3 2% 
Turbidity (NTUs) 1 174 26 23 10 100 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 190 348 344 90 487 ----- ----- ----- 
Secchi Depth (in.) 1 24 23 22 12 48 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 135 13 12 3 48 16(4) 39 29% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) General criteria for aquatic life. 
 (2) Use-specific criteria for aquatic life.   

 (3) Agricultural criteria for surface waters.   
 (4) Nutrient criteria for aesthetics. 
* A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
 



•342 

'340 

Pool Elevation: 1337.3 ft-msl 
1338 

1336 

'5i 
'!334 

li= 18 to 19 c 
So. 1332 
c 
0 

~ 1330 
-"!< 
w 

1328 .. 

1326 

1324 
May 3, 2007 

'2:30 
•322 

"1320 
00 2 3 4 5 6 7 8 9 '0 

Rcacrvoir Milo (Mile a from OG.m) 

,342 
Pool Elevation: 1341.3 ft-msl 

,340 

1338~ Ill 

\_~~ 1336· 

= 
~ 
e. 

,334 

1332 
c 
0 

~ 1330 

w 
1328· 

1326 

"1324-- June 6, 2007 
'322 

1320 
0 . 0 .2 3 4 .5 6 .7 .8 . 9 • . o 

Reservoir Mile (Miles from Darn) 

•342 

Pool Elevation: 1340.0 ft-msl 
1340 

1338-

1336 

,334 

~ e. 1332 

c 
0 

1330 

~ 
w 1328· 

1326 <;7. - 7 1324 
July 11, 2007 

•322 

"1320 
00 2 3 4 5 6 7 8 9 '0 

Reservoi_r Mile (Mites f'rorn Darn) 

Plat(' 192. Longitudinal water temperature (0 C) contour plots of East Twin Reservoir based on depth-profile water 
temperatures measured at sites E1NLKND1 and E1NLKML1 in 2007. 
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Plat(' 193. Longitudinal water temperature (0 C) contour plots of East Twin Reservoir based on depth-profile water 
temperatures measured at sites E1NLKND1, E1NLKML1 , and E1NLKUP1 i.n2008. 
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Plate 194. Temperature depth profiles for East Twin Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., ETNLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 195. Longitudinal dissolved oxygen (mg/l) contour plots of East Twin Reservoir based on depth-proflle 
dissolved oxygen concentrations measured at sites ETNLKND 1 and ETNLKMLl in 2007. 
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Plate 196. Longitudinal dissolved oxygen (mg/l) contour plots of East Twin Reservoir based on depth-proflle 
dissolved oxygen concentrations measured at sites ETNLKNDl, ETNLKMLl, and ETNLKUPl Ill 

2008. 
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Plate 197. Dissolved oxygen depth profiles for East Twin Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., ETNLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 198. Longitudinal oxidation-reduction potential (mV) contour plots of East Twin Reservoir based on depth
profile ORP levels measured at sites ETNLKNDl and ETNLKMLl in2007. 
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Plate 199. Longitudinal oxidation-reduction potential (mV) contour plots of East Twin Reservoir based on depth
profile ORP levels measured at sites ETNLKNDl, ETNLKMLl , and ETNLKUPl in 2008. 
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Plate 200. Oxidation-reduction potential depth profiles for East Twin Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., ETNLKND1) during the summer of the 5-year 
period of 2004 through 2008. 
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Plate 201. Longitudinal pH (S.U.) contow- plots of East Twin Resetvoir based on depth-proflle pH levels measw-ed 
at sites ETNLKNDl and E1NLKML1 in 2007. 
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Plate 202. Longitudinal pH (S.U.) contow- plots of East Twin Resetvoir based on depth-proflle pH levels measw-ed 
at sites ETNLK.NDI, ETNLKMLI, and ETNLKUPI in 2008. 
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Plate 203. pH depth profiles for East Twin Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., ETNLKND1) during the summer of the 5-year period of 2004 through 
2008. 
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Platt' 204. Box plots comparing smface and bottom water temperatme, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ottho-phosphoms measmed in East Twin Reservoir when summer hypoxic conditions were present 
during the 5-year period 2004 through 2008. (Box plots display minimum, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 205. Longitudinal turbidity (NTU) contour plots of East Twin Resetvoir based on depth-profile turbidity 
levels measured at sites E1NLKNDI and E1NLKML1 in 2007. 
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Plate 206. Longitudinal turbidity (NTU) contour plots of East Twin Resetvoir based on depth-profile turbidity 
levels measw·ed at sites E1NLKND1, E1NLKML1, and E1NLKUP1 in2008. 
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Plate 207. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in East Twin Reservoir at the near-dam, ambient site (i.e., site ETNLKND1) over the 29-year 
period of 1980 through 2008. 
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 Plate 208. Summary of runoff water quality conditions monitored in the main tributary inflow to East Twin 
Reservoir at monitoring site ETNNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 6 4.8 4.0 1.5 10.7 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 6 2.53 2.36 0 25 4.91 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 6 1.52 1.37 0.44 3.60 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 6 942 409 89 3,880 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 2 9.0 9.0 0.99 17.01 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 15.03 15.03 0.13 29.92 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 4 9.21 9.44 0.91 17.04 330(1), 12(2) 2 50% 
Metolachlor, Total (ug/l)(C) 0.05 4 4.97 4.07 0.25 11.50 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 209. Summary of water quality conditions monitored in West Twin Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site WTNLKNDI) fi·om May to September dtuing the 2-year period 2004 through 
2005. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll 
a (field probe) are for water depth-cohUIUl profile measurements. Results for chlorophyll a (lab detennined), 
hardness, metals, microcystin, and pesticides are for "grab samples" collected at a near-stuface depth. Results for 
other parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

Monitorii 2 Results Water Oualii' • Standards Attainment 

Par ameter Detection No. of StateW~S No.ofWQS Percent W QS 
Limit Obs. Mean(A) Median Min. Max. Criteria > Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 9 1340.0 1340.0 1337.9 1341.1 - -- --- -
Water Temperature ( C) 0.1 15 22.7 23.1 15.6 31.8 32(1) 0 0% 
Dissolved Oxygen (mg/1) 0.1 15 7.7 7.2 4 .8 15.3 > sC2> 1 7% 
Dissolved Oxygen (% Sat .. ) 0.1 15 93.1 85.5 59.8 208.1 - - ---
Specific Conductance (umho/cm) 1 15 515 526 446 597 2.000''' 0 0% 
pH(S.U.) 0.1 15 8.5 8.4 7.9 10.2 ~6. 5 & !>9.0(1) 1 7% 
Turbidity (NTUs) 1 10 245 171 66 617 --- - ---
Oxidation-Reduction Potential (mV) 1 12 340 313 171 489 --- - ---
Secchi Depth (in ) 1 7 6 6 3 10 -- - - ---
Alkalinity. Total {mg/1) 7 11 134 136 92 175 20"' 0 0% 
Ammonia. Total (mg/1) 0 .02 11 0.37 0.28 n.d. 1.30 3.88'., ' . o.74 •.• , o. 1 0%, 9% 
Chlorophyll a (ug/1) - Field Probe 1 7 139 142 113 150 44"' 7 100% 
Chlorophyll a (ug/1) - Lab Determined 1 9 39 25 6 104 44"' 3 33% 
Hardness. Total {mg/1) 0.4 2 189 189 186 191 - --- -----
Kjeldahl N, Total (mg/1) 0.1 11 3.8 2.3 1.4 9.6 - - ---
Nitrogen, Total (mg/) 0.1 11 3.8• 2.3 1.4 9.6 1.46' '' 10 91% 
Nitrate-Nitrite N. Total (mg/1) 0 .02 11 ----- n .d. n.d. 0 .16 lQQl'l 0 0% 
Phosphorus, Total (mg/1) 0 .02 11 0.43° 0.32 0.08 1 30 0.139"' 10 91% 
PhoSPhorus-Ortho, Dissolved (mg/1) 0.02 11 ----- n .d. n.d. 0 .04 - ----- -----
Suspended Solids, Total (mg/1) 4 11 165 95 53 456 --- - --- -
Antimony, Dissolved (ug/1) 6 1 ----- n.d. n.d. n.d. 88PJ. 30'"' 0 0% 
Arsenic, Dissolved (ugll) 3 2 14 14 s 23 340<>'. 16.7'.' o. 1 0%, 50% 
Beryllium. Dissolved (ug/1) 0.5 1 ----- n.d. n.d. n.d. no~>>. 5.310> 0 0% 
Cadmium. Dissolved (ug/1) 0.5 2 ----- n.d. n.d. n.d. 10.9"'. 0.4'"' 0 0% 
Chromium. Dissolved ( ug/1) 2 2 ----- n.d. n.d. n.d. 997"'. 130'"' 0 0% 
Copper, Dissolved (ugll) 2 2 3 3 2 4 24.5"'. 1 5.4'"' 0 0% 
Lead. Dissolved ( ug/1) 2 2 ----- n.d. n.d. n.d. 128<>'. s .o'"' 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 2 ----- n.d. n.d. n.d. 1.4\>) 0 0% 
Mercurv. Total (ug/1) 0 .02 2 ----- n.d. n.d. n.d. 0.77'"' 0 0% 
Nickel, Dissolved (ugll) 3 2 ----- n.d. n.d. 4 802<>'. 89'"' 0 0% 
Selenium. Total (ug/1) 2 2 ----- n .d. n.d. n.d. 20" , '. S'"' 0 0% 
Silver. Dissolved (ug/1) 1 2 ----- n .d. n.d. n.d. 10.3"' 0 0% 
Thallium ( ug/1) 6 1 ----- n.d. n.d. n.d. 1.400"'. 6.3'01 0 0% 
Zinc. Dissolved (ugll) 3 2 ----- n.d. n.d. n.d. 201"•"' 0 0% 
Microcvstin. Total (ug/1) 0.2 2 ----- 0 .9 n.d. 1.9 20'"' 0 0% 
Alachlor. Total (ug/1)'"' 0.05 8 1.6 1.5 0.6 2.5 760<>'. 76'"' 0 0% 
Atrazine. Total (ug/1)'"' 0.05 8 3.9 2.5 0.5 15.0 3JQPI, 12\0J o. 1 0%. 13% 
Metolachlor. Total (ugll)'"' 0.05 8 0.5 0.3 0.1 1.3 390<>'. 100'"' 0 0% 
Pesticide Scan (ug/lr' 0.05 2 ----- -----........ - ----- - -- -----

Acetochlor 0.8 0.8 0.1 1.5 - --- --- -..... 
Alachlor --- - 0.3 n .d. 0.6 760\>J. 7610) 0 0% ............................... 
Atrazine 4.3 4.3 0.6 8.0 33o~>>. 1210> 0 0% 
Metolachlor 0.3 0.3 0.2 0.4 390PJ. 100'"' 0 0% 

n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
<SJ Acute criteria for aquatic life. 
<6J Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ugll microcystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

<CJ Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. ametryn. atrazine. benfluralin. bromacil. butachlor. butylate. chlorpyrifos. cyanazine, 

deethylatrazine, deisopropylatrazine, dimethenamid, diuron. EPTC. ethalfluralin, fonofos. hexazinone. isophenphos. metolachlor. metribuzin. 
pendimethalin. phorate, prometon. prometryn. propachlor. propazine. simazine, terbufos. trial1ate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plate 210. Temperature depth profiles for West Twin Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., WTNLKND1) during the summer over the 2-year period of 2004 
through 2005. 



 

 483  

0

1

2

3

4

0 1 2 3 4 5 6 7 8 9 10 11 12

Dissolved Oxygen (mg/l)
D

ep
th

 (M
et

er
s)

 
 
Plate 211. Dissolved oxygen depth profiles for West Twin Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., WTNLKND1) during the summer over the 2-year period of 2003 
through 2005. 
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Plate 212. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in West Twin Reservoir at the near-dam, ambient site (i.e., site WTNLKND1) over the 26-
year period of 1980 through 2005. 
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 Plate 213. Summary of runoff water quality conditions monitored in the main tributary inflow to West Twin 
Reservoir at monitoring site WTNNF1 during the 5-year period 2004 through 2008. 

Monitoring Results Water Quality Standards Attainment 
 

Parameter 
Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 10.7 8.4 2.4 22.6 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 1.46 1.13 0.48 3.01 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 7 2.58 2.65 0.61 4.59 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 2,048 1,160 200 5,280 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 5 18.82 9.00 2.64 66.66 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 1.17 1.17 0.49 1.84 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 7 15.25 4.95 1.38 55.22 330(1), 12(2) 2 29% 
Metolachlor, Total (ug/l)(C) 0.05 7 4.58 3.99 1.02 15.15 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 214. Summary of water quality conditions monitored in Wagon Train Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site WAGLKNDl) from May to September dtumg the 5-year period 2004 through 
2008. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll 
a (field probe) are for water colmllll depth-profile measurements. Results for chlorophyll a (lab determined), 
hardness, metals, nucrocystin, and pesticides are for "grab samples" collected at a near-smface depth. Results for 
other parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

Monitorine: Result~ Water Q uality Standanls Attainmen t 

Par-ameter· Detection No. of StateW~S No. ofWQS Per·cent WQS 
Limit Obs. Mean (A) Median Min. Max . Criteria ) E:tceed ences E:tceedence 

Pool Elevation (ft-msl) 0.1 25 1286.6 1286.5 1284.0 1289.7 - ----- -
Water Temperature ( C) 0.1 219 23.0 23.0 15.0 28.5 32''1 0 0% 
Dissolved Oxygen (mg/1) 0.1 219 5.8 6.0 0.0 11.3 > 5'"1 70 32% 
Dissolved Oxygen (% Sat.) 0.1 212 68.4 73.1 0.0 149.7 - ----- -
Specific Conductance (umho/cm) 1 212 335 324 261 454 2.000' ' ' 0 0% 
pH(SU.) 0.1 212 8.2 8.1 7.2 8.9 >6.5 & <9.0' '1 0 0% 
Turbiditv (NTUs) 1 187 40 2 3 8 201 - ----- -
Oxidation-Reduction Potential (mV) 1 203 358 363 69 498 - ----- -
Secchi Depth (in.) 1 25 18 18 5 2 9 - ----- -
Alkalinity, Total (mg/1) 7 50 151 151 90 200 20''' 0 0% 
Anunonia, Total (mgll) 0 .02 50 0.25 0 .15 n.d. 1.40 6.95'. •''. 1.21 ,., 0, 2 0%, 4% 
ChlorOPhvll a (ug/1) - Field Probe 1 147 23* 19 2 61 16" 1 95 65% 
ChlorOPhvll a (ug/1) - Lab Determined 1 24 19* 15 1 53 16" 1 10 42% 
Hardness, Total (mg/1) 0.4 4 126 122 114 145 - ----- -
Keldahl N. Total (mg/1) 0.1 50 1.5 1.4 0.9 2.2 - ----- -
Nitrogen, Total (mgl) 0.1 50 1.7* 1.5 0.9 2.9 1 54(') 23 46% 
Nitrate-Nitrite N. Total (mg/1) 0.02 50 ----- n .d. n .d. 1.30 100w ----- -
Phosphorus, Total (mg/1) 0 .02 50 0.34* 0 33 0 .12 0 .67 0 .143" ' 44 88% 
Phosphorus-Ortho, Dissolved (mg/1) 0 .02 50 0 .19 018 n.d. 0 .41 --- ----- -
Suspended Solids. Total (mgll) 4 50 15 13 n.d. 90 - ----- -
Aluminum. Dissolved (ug/1) 25 3 --- - n .d. n.d. 337 750<>'. 87'"' 0. 1 0%, 33% 
Antimony, Dissolved (ug/1) 6 4 --- - n .d. n.d. n.d. 88PJ. 30'"1 0 0% 
Arsenic. Dissolved (ug/1) 3 5 17 19 12 22 340PJ, 16.7'61 0. 3 0%. 60%* 
Beryllium, Dissolved (ug/1) 0.5 4 --- - n.d. n.d. n .d. 130PJ. 5.3'"' 0 0% 
Cadmium. Dissolved (ug/1) 0.5 5 ----- n .d. n.d. n .d. 8.1w. 0.3'"' 0 0% 
Chromium. Dissolved (ug/1) 2 5 ----- n .d. n.d. n .d. 771VJ, 100'"' 0 0% 
Copper, Dissolved (ug/1) 2 5 ----- n .d. n.d. n .d. 18'''. 12'"' 0 0% 
Lead, Dissolved ( ugll) 2 5 ----- n .d. n.d. n .d. 92',1• 3.6'"' 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 5 --- - n .d. n.d. n .d. 1.4\>J 0 0% 
Mercurv. Total (ug/1) 0 .02 5 --- - n .d. n.d. 0 .02 O.Tl'"1 0 0% 
Nickel, Dissolved (ug/1) 3 5 --- - n .d. n.d. n .d. 615<>'. 68'"' 0 0% 
Selenium. Total (ugll) 2 5 ----- n .d. n .d. 14 20V.>I, 5'"1 o. 1 0, 20% 
Silver, Dissolved (ug/1) 1 5 ----- n .d. n.d. n .d. 6.0VJ 0 0% 
Thallium ( ug/1) 6 4 ----- n.d. n.d. n .d. 1.400" ' . 6.3'

0

' 0 0% 
Zinc. Dissolved (ug/1) 3 5 ----- n .d. n.d. n .d. 154"•"' 0 0% 
Microcystin, Total (ugll) 0.2 19 ----- n .d. n.d. 0.2 20'' 0 0% 
Acetochlor. Total (ug/1)'"1 0 .05 5 --- - n.d. n.d. 1.70 - --- - -
Alachlor. Total (ug/1)'"1 0 .05 19 --- - 0 .17 n.d. 0 .32 760<>'. 76'"' 0 0% 
Atrazine. Total (ug/1)'"1 0 .05 25 2 .43 2 30 n.d. 8.70 330<>'. 12'"' 0 0% 
Metolachlor. Total (ugi1)1'-J 0 .05 24 0 .84 0 .46 n.d. 2 .50 390\>J, 100\0) 0 0% 
Pesticide Scan ug!!)"'' 005 5 - - -- --.......... ............. ........ 

Acetocblor 
................................... 

0 30 nil ~ - - -- - - -- -
Ala chi or 

.......... ............. 
nd 

........ nil ----=j(jj.~<~-- 0 ········· m·oo;.····· - 0 10 
Atrazine 

.......... 
631 860 · ifs7 ~ 

33oi5J,I2C~-- 0 
......... moo;.········· 

Deethvlatrazine 
.......... 

(jjij 070 . ()"40 -- ................................ 
100 - - -

Dimethenamid 
.............................. 

0 30 
.............. n .. r 

060 
. .......•.........•........•.........•......• 

-- -- - -- -- -......... 
Metolachlor 

........ ...................... ............. 
nd 

........ nil ~ 390'5' . 1Qo(6l 0 ··················oo;.-········· -.......... ............. ........ 
100(6) 

................................ 
Metribuzin - nd nd 0 20 0 0% 
Propazine 

.......... ............. 
nd 

........ nCi 0 20 
................................ 

- - -- - - -- -- -
n d = Not detected 
(A) Nondetect values set to 0 to calculate mean 1f 20% or more of observations were nondetect, mean is not reported The mean value reported for pH is an 

arithmetic mean (i e , log conversion of logarithmic pH values was not done to calculate mean) 
\Bl (I) General critetia for aquatic life 

(2) Use-specific critetia for aquatic life 
(l ) Agricultural criteria for swface waters 
<•> Total anunonia critetia pH and temperature dependent Criteria listed are calculated for median pH and temperature values 
<5> Acute criteria for aquatic life 
(6) Chronic critetia for aquatic life 
(7) Nutrient criteria for aesthetics 
(I) Human health criteria 
\l>) Nebraska utilizes the World Health Organization recommended criterion of20 ug/1 microcystins in recreation water for impairment assessment 
Note: Many of Nebraska's WQS criteria for metals are hardness based As appropriate, listed criteria were calculated using the median hardness 

<CJ hnmunoassay analysis 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, ametJyn. atrazine, benfluralin, bromacil, butachlor. butylate, chlorpyrifos, cyanazine, deethylatrazine, 

deisopropylatrazine, dimethenamid, diuron, EPTC, etbalfluralin, fonofos, hexazinone, isophenphos, metolachlor, metribuzin, pendimethalin, phorate, prometon, 
prometryn, propachlor, propazine, simazine, terbufos, triallate, and trifluralin Individual pesticides were not detected unless listed under pesticide scan 

• A highlighted mean or percent exceedence indicates use impairment based on State ofNebraska 2008 Section 303( d) impairment assessment criteria 
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Plate 215. Summaty of water quality conditions monitored in Wagon Train Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site WAGLKMLl) from May to September dming the 5-year period 
2004 through 2008. [Note: Results for water temperatw·e, dissolved oxygen, conductivity, pH, 
tmbidity, and ORP are for water column depth-profile measmements.] 

Monitorine Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS PercentWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Cri teria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 25 1286.6 1286.6 1284.0 1289.7 ·-· ----- ·-
Water Temperature ( C) 0.1 183 23.4 23.9 15.1 28.3 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 183 6.4 6.6 0.4 10.7 > 5'"' 34 19% 
Dissolved Oxygen (% Sat.) 0.1 177 77.4 78.8 4 .4 132.2 ·-· ----- -----
Specific Conductance {umho/cm) 1 177 336 324 253 454 2,000l'l 0 0% 
pH(S.U.) 0.1 177 8.3 8.3 7.4 9.3 >6.5 & <9.0''' 6 3% 
Turbidity (NTUs) 1 156 40 22 9 251 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 169 364 367 173 504 --- - ----- -----
Secchi Depth (in ) 1 25 17 17 6 27 ----- -- -----
Chlorophyll a (ug/1) - Field Probe 1 116 24· 24 3 49 16' ' ' 87 75% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Plat(' 216. Longitudinal water temperature (0 C) contour plots of Wagon Train Reservoir based on depth-profile 
water tempera1mes measured at sites WAGLKNDI and WAGLKMLI in 2007. 
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Plat(' 217. Longitudinal water temperature (0 C) contour plots of Wagon Train Reservoir based on depth-profile 
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Plate 218. Temperature depth profiles for Wagon Train Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., WAGLKND1) during the summer over the 5-year period of 
2004 through 2008. 
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Plate 219. Longitudinal dissolved oxygen (mg/1) contour plots of Wagon Train Reservoir based on depth-profile 
dissolved oxygen concentrations measured at sites WAGLKND 1 and WAGLKMLl in 2007. 
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Plate 221. Dissolved oxygen depth profiles for Wagon Train Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., WAGLKND1) during the summer over the 5-year period 
of 2004 through 2008. 
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Plate 222. Longitudinal oxidation-reduction potential (mV) contour plots of Wagon Train Reservoir based on 
depth-profile ORP levels measured at sites WAGLKNDl and WAGLKMLl in2007. 

498 



Pool Elevation: 1287 3 ft-msl 

August 3, 2007 
> 300 

1 0 1 4 

R _ifit8f!trvoi r Mii.4Et (Mil-$8 f"rom Dam) 

September 7, 2007 

1 . 0 

Reservoir Mile (Miles from Dam) 

Plat(' 222. (Continued) . 

499 



= 
"' ~ 
r:::: 
0 

~ 
iii 

May 29, 2008 

1 0 1 4 

R ftg e rvoir Mile ( Milif.II! R f r o m O a m ) 

June 25, 2008 
t274[ 
127~·~_-o-----------2r------------~r·-----------_T6 ____________ Te-----------,,:-o----------,~:-2----------,,:4 

Res ervoir Mile (rni1es f'ro m Darn) 

1290 Pool Elevation: 1287.9 ft-msl 

July 24, 2008 

6 8 1 0 1 2 1 4 

Plate 223. Longitudinal oxidation-reduction potential (mV) contour plots of Wagon Train Reservoir based on 
depth-profile ORP levels measured at sites WAGLKNDl, WAGLKMLl , and WAGLKUPl in 2008. 

500 



Pool Elevation: 1287.5 ft-msl 

August 22, 2008 

1 0 1 4 

Roacrvoi.r M ile (Milo~ hom D•arn) 

Pool Elevation: 1287.6 ft-msl 

September 25, 2008 

1274 

0 .0 . G 1 .0 1 2 
Reservoir Mile (Miles from Darn) 

Platt> 223. (Continued). 

501 



 

 502  

0

1

2

3

4

5

0 100 200 300 400 500

Oxidation-Reduction Potential (mV)
D

ep
th

 (M
et

er
s)

 
 
Plate 224. Oxidation-reduction potential depth profiles for Wagon Train Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., WAGLKND1) during the summer over the 5-
year period of 2004 through 2008. 
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Plate 225. Longitudinal pH (S.U.) contour plots of Wagon Train Reservoir based on depth-profile pH levels 
measured at sites WAGLKNDl and WAGLKMLl in2007. 
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Plate 227. pH depth profiles for Wagon Train Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., WAGLKND1) during the summer over the 5-year period of 2004 through 
2008. 
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Platt' 228. Box plots comparing smface and bottom water temperatme, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ottho-phosphoms measured in Wagon Train Reservoir when summer hypoxic conditions were present 
during the 5-year period 2004 through 2008. (Box plots display minimum, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 

508 



Pool Elevation: 1288.1 ft-msl 

May 4, 2007 

1 0 1 4 

R _ifit8f!trvoir Mii.4Et (Mil-$8 f"rom Dam) 

= 
! 
c:: 

I 
UJ 

June 7, 2007 

1 . 0 

Pool Elevation: 1289.7 ft-msl 
Reservoir Mile (Miles from Darn) 

July 10, 2007 
1274 

00 6 8 1 0 1 2 1 4 

Reaervoir Mile (Mile& from Darn) 

Plate 229. Longitudinal tmbidity (NTU) contom plots of Wagon Train Reservoir based on depth-profile tmbidity 
levels measured at sites WAGLKNDl and WAGLKMLl in 2007. 
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Plate 230. Longitudinal tmbidity (NTU) contom plots of Wagon Train Reservoir based on depth-profile tmbidity 
levels measured at sites WAGLKNDl , WAGLKMLl , and WAGLKUPl in 2008. 
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Plate 231. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Wagon Train Reservoir at the near-dam, ambient site (i.e., site WAGLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 232. Summary of runoff water quality conditions monitored in the main tributary inflow to Wagon Train 
Reservoir at monitoring site WAGNF1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of 
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 11 3.9 4.3 1.6 6.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 11 3.83 2.09 0.57 16.22 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 11 1.10 1.02 0.73 1.55 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 11 803 446 188 2,850 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 9 4.15 1.87 0.94 14.10 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.52 0.52 0.37 0.67 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 12 7.13 3.25 0.27 34.98 330(1), 12(2) 0, 2 0%, 17% 
Metolachlor, Total (ug/l)(C) 0.05 12 0.03 1.29 0.11 19.03 390(1), 100(2) 0 0% 
E. coli (cfu/100ml) 1 12 14,200 15,900 690 25,000 ----- ----- ----- 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 233. Summary of water quality conditions monitored in Yankee Hill Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site Y ANLKNDl) from May to September during the 2-year period 2007 through 2008. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a 
(field probe) are for water colmllll depth-profile measurements. Results for chlorophyll a (lab detemlined), 
hardness, metals, nucrocystin, and pesticides are for "grab samples" collected at a near-smface depth. Results for 
other parameters are for "grab samples" collected at near-surface and near-bottom depths.] 

Monitorine: Result~ Water Quality Standanls Attainment 

Par-ameter· Detection No. of StateW~S No. of WQS Per·cen t WQS 
Limit Obs. Mean (A) Median Min. Max. Criteria ) E:tceedences E:tceedence 

Pool Elevation (ft-msl) 0.1 s 1244.6 1244.7 1243.0 1246.3 - ----- -
Water Temperature ( C) 0.1 6S 23.S 25.1 1S.1 2S.2 32''1 0 0% 
Dissolved Oxygen (mg/1) 0.1 6S 7.0 6.6 0.2 16.4 > 5l2> 1S 26%* 
Dissolved Oxvgen (% Sat.) 0.1 6S S7.9 76.4 2.4 20S.2 - ----- -
Specific Conductance (umho/cm) 1 6S 326 332 25S 413 2.000' '1 0 0% 
pH(SU.) 0.1 6S S.3 S.5 6.4 9.6 >6.5 & <9.0{l) 2, 20 32%* 
Turbidity (NTUs) 1 6S 29 25 2 110 - ----- -
Oxidation-Reduction Potential (mV) 1 6S 253 253 1 4S6 - ----- -
Secchi Depth (in.) 1 s 23 22 10 36 - ----- -
Alkalinity, Total (mg/1) 7 16 129 129 99 15S 20' '1 0 0% 
Ammonia, Total (mg/1) 0 .02 16 ----- 0.09 n.d. 0.66 3.20'. •''. 0.55 ,., 0. 1 0%. 6% 
Chlorophyll a (ug/1) - Field Probe 1 66 10 7 2 29 16" 13 20% 
Chlorophyll a {ug/1) - Lab Determined 1 s 55* 44 13 12S 16" 7 SS% 
Hardness, Total (mg/1) 0.4 2 126 126 9S 153 - ----- -
Keldahl N. Total (mg/1) 0.1 16 1.9 l.S 1.2 3.S - ----- -
Nitrogen, Total (mg/) 0.1 16 2.0* l.S 1.2 3.S 1 54" 1 12 75% 
Nitrate-Nitrite N. Total (mg/1) 0.02 16 ----- n.d. n .d. 0.30 100w ----- -
Phosphorus, Total (mg/1) 0 .02 16 0.41* 0 .45 0 .17 0 .5S 0 .143(') 16 100% 
Phosphorus-Ortho, Dissolved (mg/1) 0 .02 16 0 .21 0 21 0.07 0 33 --- ----- -
Suspended Solids. Total (mg/1) 4 10 15 14 4 27 - ----- -
Aluminum, Dissolved (ug/1) 25 2 ----- n.d. n.d. n .d. 750" '. S7'"' 0 0% 
Antimony, Dissolved (ug/1) 0.5 2 --- - n.d. n.d. n.d. ssw. 3o'•' 0 0% 
Arsenic. Dissolved (ug/1) 1 2 11 11 s 13 340PJ, 16.7' 61 0 0% 
Barium. Dissolved (ug/1) 5 2 so so 70 S9 - ----- -
Beryllium. Dissolved (ug/1) 2 2 --- - n.d. n.d. n .d. 130PJ. 5.3' 0

' 0 0% 
Cadmium. Dissolved (ug/1) 0.2 2 ----- n.d. n.d. n .d. S.O"'. 0.3'"' 0 0% 
Chromium, Dissolved (ug/1) 10 2 ----- n.d. n.d. n .d. 762" '. 99'"' 0 0% 
Copper, Dissolved (ug/1) 2 2 ----- n.d. n.d. 3 18.0"', 11.7'"' 0 0% 
Lead, Dissolved ( ug/1) 0.5 2 ----- n.d. n.d. n .d. 90''', 3.5'"' 0 0% 
Mercurv. Dissolved (ug/1) 0 .02 2 --- - n.d. n.d. n .d. 1.4',' 0 0% 
Mercurv. Total (ug/1) 0.4 2 ----- n.d. n.d. n .d. O.Tl'"' 0 0% 
Nickel, Dissolved (ug/1) 10 2 --- - n.d. n.d. n .d. 607PJ. 67'0

' 0 0% 
Selenium, Total {ug/1) 1 2 ----- n.d. n.d. 7 20V.>J. 5' 01 o. 1 0%, 50% 
Silver, Dissolved (ug/1) 1 2 ----- n.d. n.d. n .d. 5.9\>1 0 0% 
Thallium ( ug/1) 0.5 2 ----- n.d. n.d. n.d. 1.400" '. 6.3' 0

' 0 0% 
Zinc. Dissolved (ug/1) 10 2 ----- n.d. n.d. n .d. 152"•"' 0 0% 
~crocys~Total~g/1) 0.2 s ----- n.d. n.d. 0 .46 20'' 0 0% 
Acetochlor. Total {ug/1)'"' 0 .05 5 0.6S 0 .70 n.d. 1 30 - ----- -
Alachlor. Total (ug/1)'"1 0 .05 3 --- - 0.10 n.d. 0 .30 760<>'. 76'0

' 0 0% 
Atrazine. Total (ug/1)'"' 0 .05 s 4 .75 3.SO 2.10 9 .90 330<>'. 12'0

' 0 0% 
Metolachlor. Total (ug/1)'"1 0 .05 s O.S5 0 .60 n.d. 2 .40 390<>', 100'0

' 0 0% 
Pesticide Scan (ugll)llJI O.Ql- 0 .09 1 .......... 

~ 
- ----- -

Atrazine 
.................................. 

_330{S)~iS)-- 0% 0.02 .......... 3.20 3.20 3.20 ~ 0 
Dethylatrazine 0.03 .......... 1.20 1 20 1.20 1 20 - ----- -
Deisopropylatrazine 0.09 0 .20 0 .20 0 .20 0 .20 - ----- -

n.d. -Not detected. 
{A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) {I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
{3) Agricultural criteria for surface waters. 
{4) Total ammonia criteria pH and temperature dependent. Criteria listed are calculated for median pH and temperature values. 
{S) Acute criteria for aquatic life. 
{6) Chronic criteria for aquatic life. 
(1) Nutrient criteria for aesthetics. 
00 Human health criteria. 
(9) Nebraska utilizes the World Health Organization recommended criterion of 20 ug/1 rnicrocystins in recreation water for impairment assessment. 
Note: Many ofNebraska's WQS criteria for metals are hardness based. As appropriate, listed criteria were calculated using the median hardness. 

{C) Immunoassay analysis. 
(D) The pesticide scan {GCMS) includes: acetochlor. alachlor. arnetryn. atrazine, benfluralin, bromacil, butachlor. butylate. chlorpyrifos. cyanazine, 

deethylatrazine. deisopropylatrazine. dimethenarnid, diuron. EPTC. ethalfluralin, fonofos. hexazinone. isophenphos. metolachlor. metribuzin, 
pendimethalin, phorate, prometon, prometryn. propachlor. propazine, simazine, terbufos. triallate. and trifluralin. Individual pesticides were 
not detected unless listed under pesticide scan. 

• A highlighted mean or percent exceedence inclicates use impairment based on State of Nebraska 200S Section 303(d) impairment assessment criteria. 
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Plate 234. Summaty of water quality conditions monitored in Yankee Hill Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site Y ANLKMLSI) from May to September during the 2-year period 
2007 through 2008. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water column depth-profile measurements.] 

Monitorine Results Water· Quality Standa r ds Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Cri teria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 8 1244.5 1244.7 1243.0 1246.3 ·- · ----- -----
Water Temperature ( C) 0.1 51 24.6 25.5 18.1 31.8 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 51 8.1 7.7 0.5 22.5 > 5'"' 8 16% 
Dissolved Oxygen (% Sat) 0.1 51 102.1 89.6 6.7 318.9 ·-· ----- -----
Specific Conductance {umho/cm) 1 51 320 321 254 407 2,000l'l 0 0% 
pH(S.U.) 0.1 51 8.5 8.9 6.8 9.9 >6.5 & <9.0''' 18 35%• 
Turbidity (NTUs) 1 51 28 25 2 80 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 51 292 283 44 476 --- - ----- -----
Secchi Depth (in ) 1 8 22 21 12 34 ----- -- -----
Chlorophyll a (ug/1) - Field Probe 1 51 10 7 3 29 16' ' ' 18 35% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 

Plate 235. Summaty of water quality conditions monitored in Yankee Hill Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site Y ANLKML WI) from May to September during the 2-year 
period 2007 through 2008. [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, and ORP are for water column depth-profile measurements.] 

Monitorine Results Water· Quality Standards Attainmen t 

Pan meter· Detection No. of StateW~S No. ofWQS Per centWQS 
Limit Obs. Mean<Al Median !\'lin. Max. Cri teria ) Exceedences Exceedence 

Pool Elevation (ft-msl) 0.1 8 1244.5 1244.7 1243.0 1246.3 -- - ----- -----
Water Temperature ( C) 0.1 44 24.6 26.2 17.6 31.1 32''' 0 0% 
Dissolved Oxygen (mg/1) 0.1 44 9.0 8.0 3.5 21.8 > 5'"' 3 7% 
Dissolved Oxygen (% Sat) 0.1 44 114.1 98.0 44.4 304.9 --- - ----- -----
Specific Conductance {umho/cm) 1 44 320 319 255 407 2,000l'l 0 0% 
pH(S.U.) 0.1 44 8.6 8.8 7.1 9.7 >6.5 & <9.0''' 15 34%• 
Turbidity (NTUs) 1 44 26 24 3 64 ----- ----- -----
Oxidation-Reduction Potential (mV) 1 44 314 291 136 477 --- - ----- -----
Secchi Depth (in ) 1 8 20 21 8 36 ----- -- -----
Chlorophyll a (ug/1) - Field Probe 1 43 10 11 4 20 16' ' ' 9 21% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) General criteria for aquatic life. 

(2) Use-specific criteria for aquatic life. 
(3) Agricultural criteria for surface waters. 
(4) Nutrient criteria for aesthetics. 

• A highlighted mean or percent exceedence indicates use impairment based on State of Nebraska 2008 Section 303(d) impairment assessment criteria. 
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Platt' 236. Longitudinal water temperature CCC) contour plots of Yankee Hill Reservoir based on depth-profile 
water temperatures measured at sites Y ANLKND 1 and Y ANLKMLS 1 in 2007. 
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Plate 238. Temperature depth profiles for Yankee Hill Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., YANLKND1) during the summer over the 2-year period of 
2007 through 2008. 
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Plate 239. Longitudinal dissolved oxygen (mg/1) contom plots of Yankee Hill Reservoir based on depth-profile 
dissolved oxygen concentrations measmed at sites Y ANLKND I and Y ANLKMLS I in 2007. 
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Plate 240. Longitudinal dissolved oxygen (mg/1) contom plots of Yankee Hill Reservoir based on depth-profile 
dissolved oxygen concentl·ations measmed at sites Y ANLKND 1, Y ANLKMLS 1, and Y ANLKUPS 1 in 
2008. 
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Plate 241. Dissolved oxygen depth profiles for Yankee Hill Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., YANLKND1) during the summer over the 2-year period 
of 2007 through 2008. 
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Plate 242. Longitudinal oxidation-reduction (mV) contom plots of Yankee Hill Reservoir based on depth-profile 
ORP levels measmed at sites Y ANLKND 1 and Y ANLKMLS 1 in 2007. 
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Plate 243. Longitudinal oxidation-reduction (mV) contour plots of Yankee Hill Reservoir based on depth-profile 
ORP levels measured at sites YANLKNDl , YANLKMLSI , and YANLKUPSl in 2008. 

526 



. 1 . 2 

Platt> 243. (Continued). 

August 21, 2008 

" 
Re-servo ir Mile ( Miles fro m Dam) 

September 24, 2008 

.4 

Reservoi r Mile ("Miles f rom Darn) 

527 

.5 . 6 



 

 528  

0

1

2

3

4

5

0 100 200 300 400 500

Oxidation-Reduction Potential (mV)
D

ep
th

 (M
et

er
s)

 
 
Plate 244. Oxidation-reduction depth profiles for Yankee Hill Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., YANLKND1) during the summer over the 2-year period 
of 2007 through 2008. 
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Plate 245. Longitudinal pH (S.U.) contotll' plots of Yankee Hill Reservoir based on depth-profile pH levels 
measmed at sites Y ANLKND 1 and Y ANLKMLS 1 in 2007. 
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Plate 246. Longitudinal pH (S.U.) contour plots of Yankee Hill Resetvoir based on depth-profile pH levels 
measured at sites YANLKNDI, YANLKMLSI , and YANLKUPSl in2008. 
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Plate 247. pH depth profiles for Yankee Hill Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., YANLKND1) during the summer over the 2-year period of 2007 through 
2008. 
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Plate 248. Box plots comparing surface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Yankee Hill Reservoir when sununer hypoxic conditions were present 
during the 2-year period 2007 through 2008. (Box plots display 1ninimmn, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 249. Longitudinal turbidity (NTU) contour plots of Yankee Hill Reservoir based on depth-proftle turbidity 
levels measmed at sites YANLKNDl and YANLKMLSl in 2007. 
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Plate 250. Longitudinal turbidity (NTU) contour plots of Yankee Hill Reservoir based on depth-proflle turbidity 
levels measured at sites YANLKNDl, YANLKMLSl, and YANLKUPSl in 2008. 
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Plate 251. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Yankee Hill Reservoir at the near-dam, ambient site (i.e., site YANLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 252. Summary of runoff water quality conditions monitored in the west tributary inflow to Yankee Hill 
Reservoir at monitoring site YANNFWST1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 7 2.7 2.3 0.2 16.4 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 3.25 2.27 1 10 5.27 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 7 0.68 0.64 0.37 1.10 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 7 339 284 29 760 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 5 1.97 1.02 n.d. 4.50 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 2.35 2.35 0.99 3.71 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 7 14.16 3.08 0.23 48.30 330(1), 12(2) 3 43% 
Metolachlor, Total (ug/l)(C) 0.05 7 4.43 1.06 0.42 19.91 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 

 Plate 253. Summary of runoff water quality conditions monitored in the south tributary inflow to Yankee Hill 
Reservoir at monitoring site YANNFSTH1 during the 5-year period 2004 through 2008. 

 
Monitoring Results Water Quality Standards Attainment 

 
Parameter 

Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Kjeldahl N, Total (mg/l) 0.1 8 3.6 3.6 2.0 5.1 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 8 4.42 1.36 n.d. 26.13 ----- ----- ----- 
Phosphorus, Total (mg/l) 0.02 8 0.92 0.88 0.36 1.40 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 8 755 584 102 1,930 ----- ----- ----- 
Acetochlor, Total (ug/l)(C) 0.05 5 2.69 2.42 0.26 7.75 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 2 0.28 0.28 0.13 0.43 760(1), 76(2) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 8 14.23 3.08 0.36 68.20 330(1), 12(2) 2 25%  
Metolachlor, Total (ug/l)(C) 0.05 8 2.82 1.43 n.d. 14.52 390(1), 100(2) 0 0% 

n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported. 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
(C) Immunoassay analysis. 
 



Plate 254. Summary of water quality conditions monitored in Bowman-Haley Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site BOWLKNDl) from May to September dtumg the 6-year period 1999 through 2004. 
[Note: Results for water temperature, dissolved oxygen, conductivity, pH, ttu·bidity, ORP, and chlorophyll a (field probe) 
are for water cohunn profile measm·ements. Results for chlorophyll a (lab detemuned), hardness, metals, nlicrocystin, 
and pesticides are for "grab samples" collected at Y, the measm·ed Secchi depth. Results for other parameters are for 
"grab samples" collected at near-smface and near-bottom depths.] 

Monitoting Results Water Quality Stand ar·ds Attainment 

Pa ram eter Detection No. of StateW~S No.of W QS Percent W QS 
Limit Obs. Mean<A> Median !\'lin. Ma:t. Criteri a l Exceedences Exceedence 

Pool Elevation (ft-msl) 01 30 2752.5 2752.2 2749.7 2755.3 ----- ----- -----
Water Temperature ( C) 01 345 17.0 17.2 6.4 28.0 29.4 0 0% 
Dissolved Oxygen (mg/1) 01 341 7.7 7.6 3.3 14.8 >5 16 5% 
Dissolved Oxygen(% Sat.) 01 340 82.0 82.0 39.0 188.5 ··- ----- -----
Specific Conductance (umho/cm) 1 345 2.049 2 .134 1.000 3.041 ----- ·-· -----
pH(S.U.) 01 244 8.7 8.7 7.9 9.2 >7.0&<9.0 36 15% 
Turbiditv (NTUs) 1 117 18 14 2 88 --- - ----- -----
Oxidation-Reduction Potential (mV) 1 85 330 317 196 379 ----- ----- -----
Secchi Depth (in.) 1 27 41 35 8 84 - ----- -----
Alkalinity, Total (mg/1) 7 54 326 338 208 396 --- - ----- -----
Ammonia, Total (mg/1) 0.02 53 0.26 0.20 n.d. 0.86 2 .20" "''. 0.55''"'' 0. 4 0%. 8% 
Carbon, Total Organic (mg/1) 0.05 45 14.3 14.0 11.0 18.0 --- - ----- -----
Chlorophyll a (ug/1)- Field Probe 1 70 - n.d. n.d. 19 -- ----- -----
Chlorophyll a (ug/1)- Lab Determined 1 9 - 8 n.d. 71 - ----- -----
Hardness. Total (mg/1) 0.4 36 370 383 277 462 ----- ---- -----
Kieldahl N. Total (mg/1) 01 55 1.4 1.1 0.5 3.0 ----- ----- -----
Nitrate-Nitrite N. Total (mg/1) 0.02 62 ----- 0.07 n.d. 0.34 1.0 0 0% 
Phosphorus, Total (mg/1) 0.02 64 0.08 0.08 0.02 017 --- - ----- -----
Phosphorus-Ortho. Dissolved (mg/1) 0.02 61 - 0.01 n.d. 0.11 ----- ---- -----
Sulfate. Total (mg/1) 1 23 2.020 1.014 681 1.346 250 23 10001o• 
Suspended Solids. Total (mg/1) 4 64 14 13 n.d. 40 --· ----- -----
Arsenic, Total(ug/1) 3 17 - 3 n.d. 5 340w, 150w, 50' ' ' 0 0% 
Bervllium. Dissolved (ug/1) 0.5 2 - n.d. n.d. n.d. 4,. , 0 0% 
Cadmium. Dissolved (ug/1) 05 2 - 3 n.d. 6 21 " > 711

' ' 0 0% 
Chromium. Dissolved (ug/1) 2 2 -- n.d. n.d. n.d. 5.4161

''. 2591
'' 0 0% 

Copper, Total (ug/1) 2 17 -- n.d. n.d. 86 so -. 29''' 1. 1 6%, 6% 
Lead. Total (ug/1) 2 17 -- n.d. n.d. 2 451{'). 18l'l 0 0% 
Mercury, Total (ug/1) 0.02 10 -- n.d. n.d. 0.02 1.7'''. 0.91"'. 0.05'' ' 0 0% 
Zinc. Total (ug/1) 3 17 - 3 n.d. 52 374''•' ' 0 0% 
Alachlor, Total {ug/1)'~' 0.05 9 - n.d. n.d. n.d. 2'' ' 0 0% 
Atrazine. Total (ug/1)'"' 0.05 9 - n.d. n.d. 0.07 3,. , 0 0% 
Metolachlor. Total (ug/1)1"' 0.05 9 - n.d. n.d. 010 40,., 0 0% 

l'e.s.ti<:i~e.~c.a.n.(\lg/!)'~' ........................................... 0.05 8 --- - ----- -----······-·······-······-······ 
0 ~;:~: ·· 40(4) Metolachlor 8 -- n.d. 010 0 0% ................................................................................................................... ·········- ·······-····· 

Propazine 7 - n.d. n.d. 0.20 ----- ---- -----
n.d. - Not detected. 
(A) Nondetect values set to 0 to calculate mean. If 20% or more of observations were nondetect, mean is not reported. The mean value reported for pH is an 

arithmetic mean (i e .• log conversion of logarithmic pH values was not done to calculate mean). 
(B) (I) Total ammonia criteria pH and temperature dependent. Criteria listed are for median pH and temperature values. 

(2) Acute criterion for aquatic life. 
(3) Chronic criterion for aquatic life. 
(4) Human health criterion for surface waters. 
Note: North Dakota· s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved. Listed criteria are given 
for comparison and were calculated using the median hardness. 

(C) hnmunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor. alachlor, atrazine, benfluralin. butylate, chlorpyrifos. cyanazine, cycloate. EPTC. hexazinone, isopropalin, 

metribuzin, metolachlor. molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin. profluralin. prometon, propachlor, propazine, simazine, trifluralin, and 
vernolate. Individual pesticides were not detected unless listed under pesticide scan. 

• A highlighted percent exceedence indicates use impairment based on State ofNorth Dakota's 2008 Section 303(d) impairment assessment criteria. 
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 Plate 255. Summary of water quality conditions monitored in Bowman-Haley Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site BOWLKMLN1) from May to September during 2003
and 2004.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, 
and chlorophyll a (field probe) are for water column profile measurements.] 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean*

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 9 2451.6 2751.3 2749.7 2753.6 ----- ----- ----- 
Water Temperature ( C) 0.1 105 17.9 18.5 11 5 25.5 29.4 0 0% 
Dissolved Oxygen (mg/l) 0.1 105 7.5 7.3 2.4 12.5 ≥ 5  9 9% 
Dissolved Oxygen (% Sat.) 0.1 105 84.4 82.5 27 5 144.5 ----- ----- ----- 
Specific Conductance (umho/cm) 1 105 2,517 2,641 1,942 3,038 ----- ----- ----- 
pH (S.U.) 0.1 105 8.6 8.7 7 9 9.1 ≥7.0 & ≤9.0 13 12% 
Turbidity (NTUs) 1 50 22 21 5 45 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 52 366 374 296 409 ----- ----- ----- 
Secchi Depth (in.) 1 9 44 45 14 84 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 42 ----- n.d. n.d. 13 ----- ----- ----- 

* Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 
is an arithmetic mean based on measured values (i.e., log conversion of logarithmic pH values was not done to calculate mean). 

 

 Plate 256. Summary of water quality conditions monitored in Bowman-Haley Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site BOWLKMLS1) from May to September during 2003
and 2004.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, 
and chlorophyll a (field probe) are for water column profile measurements.] 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean*

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 9 2751.6 2751.3 2749.7 2753.6 ----- ----- ----- 
Water Temperature ( C) 0.1 66 17.7 17.8 11.0 25.8 29.4 0 0% 
Dissolved Oxygen (mg/l) 0.1 66 7.9 8.0 5 5 11.5 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 66 89.6 86.5 63 5 156.5 ----- ----- ----- 
Specific Conductance (umho/cm) 1 66 2,468 2,622 1,938 3,065 ----- ----- ----- 
pH (S.U.) 0.1 66 8.7 8.7 8.0 9.1 ≥7.0 & ≤9.0 9 14% 
Turbidity (NTUs) 1 36 30 22 8 73 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 36 347 364 288 382 ----- ----- ----- 
Secchi Depth (in.) 1 9 29 27 12 46 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 32 4 4 n.d. 7 ----- ----- ----- 

* Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 
is an arithmetic mean based on measured values (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
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Plate 257. Temperature depth profiles for Bowman-Haley Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., BOWLKND1) during the summer over the 3-year period of 
2002 through 2004. 
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Plate 258. Dissolved Oxygen depth profiles for Bowman-Haley Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., BOWLKND1) during the summer over the 3-year period of 
2002 through 2004. 
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Plate 260. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Bowman-Haley Reservoir at the near-dam, ambient site (i.e., site BOWLKND1) over the 
25-year period of 1980 through 2004. 
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 Plate 261. Summary of runoff water quality conditions monitored in Alkali Creek upstream from Bowman-Haley 
Reservoir t at monitoring site BOWNFAKCK1 during the 4-year period 1999 through 2002. 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Water Temperature ( C) 0.1 4 22.0 24.0 14.0 26.0 29.4 0 0% 
Dissolved Oxygen (mg/l) 0.1 4 9.5 9.6 6.2 12.4 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 4 108.1 104.3 76.3 147.3 ----- ----- ----- 
Specific Conductance (umho/cm) 1 4 2,172 2,015 1,460 3,200 ----- ----- ----- 
pH (S.U.) 0.1 5 8.8 8.5 8.4 9.5 ≥7.0 & ≤9.0 1 20% 
Turbidity (NTUs) 1 3 8 10 1 12 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 4 476 442 137 884 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 3 ----- n.d. n.d. 0.24 3.2 (1,2), 0.56 (1,3) 0 0% 
Carbon, Total Organic (mg/l) 0.05 4 25.5 23.1 18.0 38.0 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 3 4,169 3,492 2,354 6,660 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 4 479 546 455 671 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 4 1.7 1.6 0.7 3.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 4 ----- n.d. n.d. 0.44 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 4 0.29 0.19 0.04 0.71 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 3 ----- 0.02 n.d. 0.03 ----- ----- ----- 
Sulfate, Total (mg/l) 1 2 1,405 1,405 1,309 1,500 250 2 100% 
Suspended Solids, Total (mg/l) 4 4 46 28 8 120 ----- ----- ----- 
Arsenic, Total (ug/l) 3 2 ----- n.d. n.d. 4 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 2 ----- n.d. n.d. n.d. 69(2), 40(3) 0 0% 
Iron, Total (ug/l) 7 2 399 399 216 581 ----- ----- ----- 
Lead, Total (ug/l) 2 2 3 3 2 4 709(2), 28(3) 0 0% 
Mercury, Total (ug/l) 0.02 1 ----- n.d. n.d. n.d. 1.7(2), 0.91(3), 0.05(4) 0 0% 
Manganese, Total (ug/l) 2 2 129 29 40 217 ----- ----- ----- 
Zinc, Total (ug/l) 3 2 ----- n.d. n.d. 4 505(2,3) 0 0% 
Pesticide Scan (ug/l)(C) 0.05 1 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are 

given for comparison and were calculated using the median hardness.  
(C) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metolachlor,  metribuzin, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 262. Summary of runoff water quality conditions monitored in the Alkali Creek wetland upstream from Bowman-
Haley Reservoir t at monitoring site BOWNFAKWD1 during the 3-year period 1999 through 2001. 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Water Temperature ( C) 0.1 4 20.3 20.5 13.0 27.0 29.4 0 0% 
Dissolved Oxygen (mg/l) 0.1 4 8.3 8.5 6.6 9.6 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 4 91.5 86.0 80.1 114.1 ----- ----- ----- 
Specific Conductance (umho/cm) 1 4 1,843 1,856 1,560 2,100 ----- ----- ----- 
pH (S.U.) 0.1 5 8.6 8.5 8.4 9.3 ≥7.0 & ≤9.0 1 20% 
Turbidity (NTUs) 1 2 15 15 13 16 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 2 333 333 308 358 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 2 0.12 0.12 0.02 0.23 3.2 (1,2), 0.69 (1,3) 0 0% 
Carbon, Total Organic (mg/l) 0.05 2 19.5 19.5 19 20 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 2 2,332 2,332 1,818 2,845 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 2 442 442 694 489 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 2 1.6 1.6 1.2 2.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 2 ----- 0.10 n.d. 0.19 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 2 0.16 0.16 0.08 0.23 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 2 ----- 0.05 n.d. 0.09 ----- ----- ----- 
Sulfate, Total (mg/l) 1 2 957 957 888 1,025 250 2 100% 
Suspended Solids, Total (mg/l) 4 2 21 21 18 24 ----- ----- ----- 
Arsenic, Total (ug/l) 3 2 ----- 4 n.d. 7 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 2 ----- n.d. n.d. n.d. 57(2), 33(3) 0 0% 
Iron, Total (ug/l) 7 2 582 582 475 689 ----- ----- ----- 
Lead, Total (ug/l) 2 2 4 4 3 5 541(2), 21(3) 0 0% 
Manganese, Total (ug/l) 2 2 140 140 122 158 ----- ----- ----- 
Zinc, Total (ug/l) 3 2 5 5 4 6 422(2,3) 0 0% 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are 

given for comparison and were calculated using the median hardness.  
(C) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metolachlor,  metribuzin, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 263. Summary of runoff water quality conditions monitored in the North Fork Grand River upstream from 
Bowman-Haley Reservoir at monitoring site BOWNFNFGR1 during the 4-year period 1999 through 2002. 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Water Temperature ( C) 0.1 11 22.2 24.0 12.0 36.0 29.4 1 10% 
Dissolved Oxygen (mg/l) 0.1 10 8.4 8.5 6.9 9.6 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 10 95.8 92.1 85.5 127.1 ----- ----- ----- 
Specific Conductance (umho/cm) 1 10 2,040 2,078 1,445 2,660 ----- ----- ----- 
pH (S.U.) 0.1 15 8.4 8.5 7.7 8.8 ≥7.0 & ≤9.0 1 20% 
Turbidity (NTUs) 1 6 41 37 29 62 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 7 475 496 129 636 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 6 ----- 0.03 n.d. 0.30 3.2 (1,2), 0.56 (1,3) 0 0% 
Carbon, Total Organic (mg/l) 0.05 6 15.3 15.5 13.0 18.0 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 6 3,286 3,357 2,391 4,199 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 7 462 482 137 611 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 7 1.2 1.0 0.7 2.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 ----- 0.02 n.d. 0.18 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 7 0.15 0.10 0.02 0.43 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 6 ----- n.d. n.d. 0.02 ----- ----- ----- 
Sulfate, Total (mg/l) 1 3 1,718 1,610 1,350 2,194 250 3 100% 
Suspended Solids, Total (mg/l) 4 7 69 54 45 134 ----- ----- ----- 
Arsenic, Total (ug/l) 3 6 7 5 3 12 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 3 ----- n.d. n.d. n.d. 61(2), 36(3) 0 0% 
Iron, Total (ug/l) 7 3 1,508 1,365 1,030 2,130 ----- ----- ----- 
Lead, Total (ug/l) 2 3 ----- 2 n.d. 5 604(2), 24(3) 0 0% 
Mercury, Total (ug/l) 0.02 2 ----- n.d. n.d. n.d. 1.7(2), 0.91(3), 0.05(4) 0 0% 
Manganese, Total (ug/l) 2 3 390 343 202 724 ----- ----- ----- 
Zinc, Total (ug/l) 3 3 6 7 3 8 454(2,3) 0 0% 
Pesticide Scan (ug/l)(C) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are 

given for comparison and were calculated using the median hardness.  
(C) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metolachlor,  metribuzin, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 264. Summary of runoff water quality conditions monitored in Spring Creek upstream from Bowman-Haley 
Reservoir at monitoring site BOWNFSPCK1 during the 3-year period 1999 through 2001. 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Water Temperature ( C) 0.1 9 22.3 23.0 12.0 31.0 29.4 1 11% 
Dissolved Oxygen (mg/l) 0.1 9 8.5 8.8 5.6 11.8 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 9 97.6 85.7 65.3 140.2 ----- ----- ----- 
Specific Conductance (umho/cm) 1 9 1,945 1,950 1,332 2,800 ----- ----- ----- 
pH (S.U.) 0.1 13 8.4 8.5 7.4 8.9 ≥7.0 & ≤9.0 1 20% 
Turbidity (NTUs) 1 7 23 20 4 46 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 7 481 486 331 655 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 7 ----- 0.06 n.d. 0.23 3.2 (1,2), 0.60 (1,3) 0 0% 
Carbon, Total Organic (mg/l) 0.05 7 18.6 18.0 13.0 23.0 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 7 2,919 2,997 2,139 3,669 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 7 632 678 433 916 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 7 1.8 1.9 0.8 2.4 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 7 ----- n.d. n.d. 0.04 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 7 0.18 0.19 0.06 0.32 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 7 ----- 0.02 n.d. 0.06 ----- ----- ----- 
Sulfate, Total (mg/l) 1 3 1,733 1,848 1,254 2,096 250 3 100% 
Suspended Solids, Total (mg/l) 4 7 39 35 6 94 ----- ----- ----- 
Arsenic, Total (ug/l) 3 3 7 7 3 11 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 3 ----- n.d. n.d. n.d. 85(2), 48(3) 0 0% 
Iron, Total (ug/l) 7 3 1,490 1,281 947 2,243 ----- ----- ----- 
Lead, Total (ug/l) 2 3 ----- 3 n.d. 3 935(2), 48(3) 0 0% 
Mercury, Total (ug/l) 0.02 2 ----- n.d. n.d. n.d. 1.7(2), 0.91(3), 0.05(4) 0 0% 
Manganese, Total (ug/l) 2 3 361 325 144 615 ----- ----- ----- 
Zinc, Total (ug/l) 3 3 ----- 5 n.d. 5 607(2,3) 0 0% 
Pesticide Scan (ug/l)(C) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are 

given for comparison and were calculated using the median hardness.  
(C) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metolachlor,  metribuzin, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 265. Summary of water quality conditions monitored in Pipestem Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site PIPLKND1) from May to September during the 9-year period 1999 through 
2007.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and 
chlorophyll a (field probe) are for water column profile measurements.  Results for chlorophyll a (lab 
determined), hardness, metals, microcystin, and pesticides are for “grab samples” collected at ½ the 
measured Secchi depth.  Results for other parameters are for “grab samples” collected at near-surface and 
near-bottom depths.] 

  
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0 1 35 1452.2 1449.1 1442.1 1479.3 ----- ----- ----- 
Water Temperature ( C) 0 1 521 18.2 19.0 6.7 26.8 29.4 0 0% 
Dissolved Oxygen (mg/l) 0 1 521 6.8 7.5 0.0 12.9 ≥ 5  16 5% 
Dissolved Oxygen (% Sat.) 0 1 521 73.2 82.1 0.0 142.3 ----- ----- ----- 
Specific Conductance (umho/cm) 1 521 1,058 986 364 1,438 ----- ----- ----- 
pH (S.U.) 0 1 482 8.2 8.3 6.7 9.4 ≥7.0 & ≤9.0 7, 7 1%, 1% 
Turbidity (NTUs) 1 294 8 7 n.d. 181 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 271 346 366 -8 452 ----- ----- ----- 
Secchi Depth (in.) 1 35 55 39 20 138 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 50 283 278 153 402 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 43 0.41 0.29 n.d. 2.70 4.71 (1,2), 1.09 (1,3) 0, 3 0%, 7% 
Carbon, Total Organic (mg/l) 0.05 34 15.5 15.0 12.0 19.0 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 212 14 12 n.d. 58 ----- ----- ----- 
Chlorophyll a (ug/l) – Lab Determined 1 23 19 11 n.d. 80 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 22 704 663 363 1,118 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 25 421 461 221 545 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0 1 52 1.3 1.2 n.d. 2.2 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 52 ----- 0.02 n.d. 0.97 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 52 0.43 0.40 0.13 1 10 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 49 0.32 0.31 n.d. 0.81 ----- ----- ----- 
Sulfate, Total (mg/l) 1 17 235 214 132 377 250 4 24% 
Suspended Solids, Total (mg/l) 4 52 ----- 7 n.d. 27 ----- ----- ----- 
Arsenic, Total (ug/l) 3 10 5 5 n.d. 11 340(2), 150(3), 50(4) 0 0% 
Beryllium, Dissolved (ug/l) 0.5 3 ----- n.d. n.d. n.d. 4(4) 0 0% 
Cadmium, Dissolved (ug/l) 0 5 3 ----- n.d. n.d. 6 25(2), 8 2(3) 0 0% 
Chromium, Dissolved (ug/l) 2 3 ----- n.d. n.d. n.d. 6,303(2), 301(3) 0 0% 
Copper, Total (ug/l) 2 10 ----- n.d. n.d. n.d. 59(2), 34(3) 0 0% 
Lead, Total (ug/l) 2 10 ----- n.d. n.d. 11 571(2), 22(3) 0 0% 
Mercury, Total (ug/l) 0.02 8 ----- n.d. n.d. 0.04 1.7(2), 0.91(3), 0.05(4) 0 0% 
Zinc, Total (ug/l) 3 10 ----- 3 n.d. 8 437(2,3) 0 0% 
Microcystin (ug/l) 0.2 4 ----- n.d. n.d. n.d. ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 9 ----- n.d. n.d. n.d. 2(4) 0 0% 
Atrazine, Total (ug/l)(C) 0.05 9 0.10 0.08 n.d. 0 22 3(4) 0 0% 
Metolachlor, Total (ug/l)(C) 0.05 9 ----- n.d. n.d. n.d. 40(4) 0 0% 
Pesticide Scan (ug/l)(D) 0.05 8  ----- ----- ----- 
 Benfluralin   ----- n.d. n.d. 0.40 ----- ----- ----- 
 Metribuzin   ----- n.d. n.d. 0.10 ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is an 

arithmetic mean (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are given 

for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, isopropalin, 

metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, simazine, trifluralin, and 
vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 

* A highlighted percent exceedence indicates use impairment based on State of North Dakota’s 2008 Section 303(d) impairment assessment criteria. 
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 Plate 266. Summary of water quality conditions monitored in Pipestem Reservoir at the mid-lake, deepwater ambient 
monitoring location (i.e., site PIPLKML1) from May to September during the 9-year period 1999 through 
2007.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and 
chlorophyll a (field probe) are for water column profile measurements.  Results for chlorophyll a (lab 
determined), hardness, metals, microcystin, and pesticides are for “grab samples” collected at ½ the 
measured Secchi depth.  Results for other parameters are for “grab samples” collected at near-surface and 
near-bottom depths.] 

  
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0 1 33 1452.6 1449.5 1442.1 1479.3 ----- ----- ----- 
Water Temperature ( C) 0 1 343 18.7 18.7 6.5 27.6 29.4 0 0% 
Dissolved Oxygen (mg/l) 0 1 343 7.5 7.8 0.2 12.4 ≥ 5  33 10% 
Dissolved Oxygen (% Sat.) 0 1 343 82.0 85.7 2.2 135.4 ----- ----- ----- 
Specific Conductance (umho/cm) 1 342 1,045 963 579 1,437 ----- ----- ----- 
pH (S.U.) 0 1 315 8.2 8.3 7.3 8.9 ≥7.0 & ≤9.0 0 0% 
Turbidity (NTUs) 1 183 14 11 1 65 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 169 359 367 220 417 ----- ----- ----- 
Secchi Depth (in.) 1 30 37 33 15 79 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 15 281 284 175 374 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 15 0.33 0.15 n.d. 2.58 4.71 (1,2), 1.09 (1,3) 0, 1 0%, 7% 
Carbon, Total Organic (mg/l) 0.05 14 15.4 15.5 11.0 20.0 ----- ----- ----- 
Chlorophyll a (ug/l) – Field Probe 1 146 20 19 n.d. 82 ----- ----- ----- 
Chlorophyll a (ug/l) – Lab Determined 1 8 26 7 n.d. 148 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 14 767 723 454 1,088 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 15 394 381 258 540 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0 1 15 1.4 1.3 1.0 2.1 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 15 ----- 0.06 n.d. 0.67 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 15 0.42 0.34 0.16 0.83 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 14 0.33 0.25 0.06 0.67 ----- ----- ----- 
Sulfate, Total (mg/l) 1 9 265 245 164 407 250 4 44% 
Suspended Solids, Total (mg/l) 4 15 15 12 n.d. 46 ----- ----- ----- 
Arsenic, Total (ug/l) 3 8 6 5 n.d. 14 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 8 ----- n.d. n.d. 6 59(2), 34(3) 0 0% 
Lead, Total (ug/l) 2 9 ----- n.d. n.d. 5 571(2), 22(3) 0 0% 
Mercury, Total (ug/l) 0.02 6 ----- n.d. n.d. 0.02 1.7(2), 0.91(3), 0.05(4) 0 0% 
Zinc, Total (ug/l) 3 9 10 4 n.d. 53 437(2,3) 0 0% 
Pesticide Scan (ug/l)(D) 0.05 4  ----- ----- ----- 
 Atrazine   ----- n.d. n.d. 0.10 ----- ----- ----- 
 Benfluralin   ----- n.d. n.d. 0.20 ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is an 

arithmetic mean (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are given 

for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, isopropalin, 

metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, simazine, trifluralin, and 
vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 

* A highlighted percent exceedence indicates use impairment based on State of North Dakota’s 2008 Section 303(d) impairment assessment criteria. 
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 Plate 267. Summary of water quality conditions monitored in Pipestem Reservoir at the up-lake ambient monitoring 
location (i.e., site PIPLKUP1) from May to September during the 3-year period 1999 through 2001.  [Note: 
Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a (field 
probe) are for water column profile measurements.  Results for chlorophyll a (lab determined), hardness, 
metals, microcystin, and pesticides are for “grab samples” collected at ½ the measured Secchi depth.  Results 
for other parameters are for “grab samples” collected at near-surface and near-bottom depths.] 

  
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0 1 15 1457.7 1459.8 1442.1 1479.3 ----- ----- ----- 
Water Temperature ( C) 0 1 91 17.8 17.9 9.4 28.5 29.4 0 0% 
Dissolved Oxygen (mg/l) 0 1 91 8.6 8.5 5.0 12.0 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0 1 91 90.0 92.0 57.8 122.0 ----- ----- ----- 
Specific Conductance (umho/cm) 1 91 945 933 370 1,326 ----- ----- ----- 
pH (S.U.) 0 1 87 8.0 8.0 7.0 9.0 ≥7.0 & ≤9.0 0 0% 
Turbidity (NTUs) 1 15 11 10 3 27 ----- ----- ----- 
Secchi Depth (in.) 1 14 38 32 18 79 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 15 286 282 176 386 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 15 0.28 0.09 n.d. 2.61 6.94 (1,2), 1.71 (1,3) 0, 1 0%, 7% 
Carbon, Total Organic (mg/l) 0.05 14 15.7 15.0 12.0 21.0 ----- ----- ----- 
Chlorophyll a (ug/l) – Lab Determined 1 8 12 12 3 26 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 14 770 723 452 1,173 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 15 403 380 261 576 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0 1 15 1.4 1.4 0.9 2.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 15 ----- 0.08 n.d. 0.82 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 15 0.43 0.33 0.15 0.76 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 14 0.31 0.22 0.06 0.63 ----- ----- ----- 
Sulfate, Total (mg/l) 1 9 260 237 163 416 250 3 33% 
Suspended Solids, Total (mg/l) 4 15 15 14 n.d. 48 ----- ----- ----- 
Arsenic, Total (ug/l) 3 9 6 6 3 12 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 9 ----- n.d. n.d. n.d. 49(2), 29(3) 0 0% 
Lead, Total (ug/l) 2 9 ----- n.d. n.d. 3 447(2), 17(3) 0 0% 
Mercury, Total (ug/l) 0.02 6 ----- n.d. n.d. 0.03 1.7(2), 0.91(3), 0.05(4) 0 0% 
Zinc, Total (ug/l) 3 9 ----- 4 n.d. 8 371(2,3) 0 0% 
Pesticide Scan (ug/l)(D) 0.05 4  ----- ----- ----- 
 Benfluralin   ----- n.d. n.d. 0.20 ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is an 

arithmetic mean (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are given 

for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, isopropalin, 

metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, simazine, trifluralin, and 
vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 

* A highlighted percent exceedence indicates use impairment based on State of North Dakota’s 2008 Section 303(d) impairment assessment criteria. 
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Plate 269. Temperature depth profiles for Pipestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PIPLKND1) during the summer over the 9-year period of 1999 
through 2007. 
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Platt' 270. Longitudinal dissolved oxygen (mg/l) contow- plots of Pipestem Reservoir based on depth-profile 
dissolved oxygen concentrations measw-ed at sites PIPLKNDl and PIPLKML l in 2007. 
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Plate 271. Dissolved oxygen depth profiles for Pipestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PIPLKND1) during the summer over the 9-year period of 1999 
through 2007. 
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Plate 272. Longitudinal dissolved oxygen (mg/1) contour plots of Pipestem Rese1voir based on depth-profile 
dissolved oxygen concentrations measm-ed at sites PIPLKNDl and PIPLKML l in 2007. 

558 



August 13, 2007 

1 0 20 4 0 4 5 50 5 

Reservoir Mile (Miles f"rom Dan'\) 

September 10, 2007 

> 300 

.5 1 .0 1 .5 2 .0 2 .5 3 .0 3 .5 4 .0 4 .5 5 .5 
Reservoir Mlle ( Miles frorn Darn) 

Platt> 272. (Continued). 

559 



 

 560  

0

2

4

6

8

10

12

14

16

-100 0 100 200 300 400 500

Oxidation-Reduction Potential (mV)
D

ep
th

 (M
et

er
s)

 
 
Plate 273. Dissolved oxygen depth profiles for Pipestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PIPLKND1) during the summer over the 9-year period of 1999 
through 2007. 
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Plate 274. Longitudinal dissolved oxygen (mg/1) contour plots of Pipestem Rese1voir based on depth-profile 
dissolved oxygen concentrations measm-ed at sites PIPLKNDl and PIPLKMLl in 2007. 
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Plate 275. Dissolved oxygen depth profiles for Pipestem Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., PIPLKND1) during the summer over the 9-year period of 1999 
through 2007. 
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Plate 276. Box plots comparing surface and bottom water temperature, dissolved oxygen, oxidation-reduction 
potential (ORP), pH, alkalinity, total ammonia nitrogen, nitrate-nitrite nitrogen, total phosphoms, and 
ortho-phosphoms measured in Pipestem Reservoir when sturuner hypoxic conditions were present 
during the 9-year period 1999 through 2007. (Box plots display 1ninimmn, 25th percentile, 75th 
percentile, and maximum. Median value is indicated by the red dot.) 
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Plate 278. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Pipestem Reservoir at the near-dam, ambient site (i.e., site PIPLKND1) over the 25-year 
period of 1980 through 2004. 
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 Plate 279. Summary of runoff water quality conditions monitored in Pipestem Creek upstream from Pipestem Reservoir 
at monitoring site PIPNF1 during the 3-year period 1999 through 2001. 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Water Temperature ( C) 0.1 15 19.3 20.0 10.8 29.1 29.4 0 0% 
Dissolved Oxygen (mg/l) 0.1 15 9.5 8.4 5.1 11.3 ≥ 5  0 0% 
Dissolved Oxygen (% Sat.) 0.1 15 90.5 96.3 56.2 110.6 ----- ----- ----- 
Specific Conductance (umho/cm) 1 15 1,077 1,100 409 1,530 ----- ----- ----- 
pH (S.U.) 0.1 14 8.2 8.2 6.5 9.3 ≥7.0 & ≤9.0 1, 1 7%, 7% 
Turbidity (NTUs) 1 15 21 20 5 41 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 15 352 384 159 437 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 15 ----- 0.05 n.d. 0.50 5.72 (1,2), 1.22 (1,3) 0 0% 
Carbon, Total Organic (mg/l) 0.05 14 18.8 18.5 12.9 26.0 ----- ----- ----- 
Dissolved Solids, Total (mg/l) 5 14 900 796 486 1,641 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 15 469 492 207 665 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 15 1.6 1.5 1.0 3.0 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 15 ----- n.d. n.d. 0.30 1.0 0 0% 
Phosphorus, Total (mg/l) 0.02 15 0.52 0.50 0.24 0.86 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 15 0.38 0.30 0.10 0.64 ----- ----- ----- 
Sulfate, Total (mg/l) 1 9 296 287 147 449 250 6 67% 
Suspended Solids, Total (mg/l) 4 15 35 32 n.d. 76 ----- ----- ----- 
Arsenic, Total (ug/l) 3 9 7 8 n.d. 13 340(2), 150(3), 50(4) 0 0% 
Copper, Total (ug/l) 2 9 ----- n.d. n.d. 5 62(2), 36(3) 0 0% 
Iron, Total (ug/l) 7 9 814 881 148 1,403 ----- ----- ----- 
Lead, Total (ug/l) 2 8 ----- n.d. n.d. n.d. 621(2), 24(3) 0 0% 
Mercury, Total (ug/l) 0.02 5 ----- n.d. n.d. n.d. 1.7(2), 0.91(3), 0.05(4) 0 0% 
Manganese, Total (ug/l) 2 9 424 366 67 1,294 ----- ----- ----- 
Zinc, Total (ug/l) 3 9 ----- 5 n.d. 11 462(2,3) 0 0% 
Pesticide Scan (ug/l)(C) 0.05 4  ----- ----- ----- 
 Benfluralin   ----- n.d. n.d. 1.30 ----- ----- ----- 
n.d. = Not detected. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values. 
 (2) Acute criterion for aquatic life.   
 (3) Chronic criterion for aquatic life.  
 (4) Human health criterion for surface waters. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, some analyzed metal concentrations were dissolved.  Listed criteria are 

given for comparison and were calculated using the median hardness.  
(C) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metolachlor,  metribuzin, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 280. Summary of water quality conditions monitored in Cold Brook Reservoir at the near-dam, deepwater ambient 
monitoring location (i.e., site CODLKND1) from May to September during the 9-year period 2000 through 2008.  [Note: 
Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, and ORP are for water column profile 
measurements.  Results for chlorophyll a (lab determined), hardness, metals, microcystin, and pesticides are for “grab 
samples” collected at ½ the measured Secchi depth.  Results for other parameters are for “grab samples” collected at 
near-surface and near-bottom depths.] 

  
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A) 

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0 1 15 3582.6 3582.6 3582.0 3583.6 ----- ----- ----- 
Water Temperature ( C) 0 1 279 19.6 20.7 10.3 26.0 18.3(1), 23.8(2), 26.6(3) 188, 59, 0 67%, 21%, 0%
Dissolved Oxygen (mg/l) 0 1 279 9.2 9.4 0.2 15.2 ≥ 7, ≥ 6 18, 12 6%, 4% 
Dissolved Oxygen (% Sat.) 0 1 279 107.4 107 1 2.2 177.3 ----- ----- ----- 
Specific Conductance (umho/cm) 1 279 490 478 389 746 ----- ----- ----- 
pH (S.U.) 0 1 274 8.2 8 3 7.1 8.5 ≥6.6 & ≤9.0 0 0% 
Turbidity (NTUs) 1 124 ----- n.d. n.d. 5 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 119 326 319 69 441 ----- ----- ----- 
Secchi Depth (in.) 1 15 233 228 110 374 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 25 165 160 141 190 ----- ----- ----- 
Ammonia, Total (mg/l) 0.02 18 ----- 0.06 n.d. 1.00 3.15 (4,5), 0.98 (4,6) 0, 1 0%, 6% 
Chlorophyll a (ug/l) – Field Probe 1 78 4 4 n.d. 9    
Chlorophyll a (ug/l) – Lab Determined 1 9 3 2 1 7 ----- ----- ----- 
Hardness, Total (mg/l) 0.4 12 251 236 215 372 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0 1 26 ----- 0.3 n.d. 1.3 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 26 ----- n.d. n.d. 0.07 10(8) 0 0% 
Phosphorus, Total (mg/l) 0.02 26 0.06 0.02 n.d. 0.73 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 26 ----- n.d. n.d. 0.02 ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 26 ----- n.d. n.d. 9 53(5), 30(6) 0 0% 
Antimony, Dissolved (ug/l) 6 2 ----- n.d. n.d. n.d. 6(7) 0 0% 
Arsenic, Dissolved (ug/l) 3 4 5 5 3 7 340(5), 150(6), 0.018(7) 0, 0, 4 0%, 0%, 100%
Beryllium, Dissolved (ug/l) 0 5 2 ----- n.d. n.d. n.d. 4(7) 0 0% 
Cadmium, Dissolved (ug/l) 0 5 2 ----- n.d. n.d. n.d. 9.4(5), 1.9(6) 0 0% 
Chromium, Dissolved (ug/l) 2 2 ----- n.d. n.d. n.d. 1,108(5), 360(6) 0 0% 
Copper, Dissolved (ug/l) 2 4 ----- n.d. n.d. n.d. 38(5), 24(6), 1,300(7) 0 0% 
Lead, Dissolved (ug/l) 2 3 ----- n.d. n.d. n.d. 162(5), 6.3(6) 0 0% 
Mercury, Dissolved (ug/l) 0.02 2 ----- n.d. n.d. n.d. 1.4(5) 0 0% 
Mercury, Total (ug/l) 0.02 1 ----- n.d. n.d. n.d. 0.012(6) b.d. b.d. 
Nickel, Dissolved (ug/l) 3 2 ----- n.d. n.d. n.d. 2,927(5), 325(6) 0 0% 
Silver, Dissolved (ug/l) 1 2 ----- n.d. n.d. n.d. 15(5) 0 0% 
Zinc, Dissolved (ug/l) 3 2 ----- n.d. n.d. n.d. 237(5), 216(6),7,400(7) 0 0% 
Microcystin (ug/l) 0 2 4 ----- n.d. n.d. 0.5 ----- ----- ----- 
Alachlor, Total (ug/l)(C) 0.05 5 ----- n.d. n.d. 0.08 ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 5 ----- n.d. n.d. 0.12 ----- ----- ----- 
Metolachlor, Total (ug/l)(C) 0.05 5 ----- n.d. n.d. 0.07 ----- ----- ----- 
Pesticide Scan (ug/l)(D) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected., b.d. = Below detection limit 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is an 

arithmetic mean based on measured values (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Water temperature criterion for protection of coldwater permanent fish life propagation. 
 (2) Water temperature criterion for protection of coldwater marginal fish life propagation.   
 (3) Water temperature criterion for protection of warmwater permanent fish life propagation.  
 (4) Total ammonia criteria pH and temperature dependent.  Criteria listed are for median pH and temperature values of 8.3 and 21.1 respectively. 
 (5) Acute criterion for aquatic life.   
 (6) Chronic criterion for aquatic life.  
 (7) Human health criterion for surface waters. 
 (8) Daily maximum criterion for domestic water supply. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, most analyzed metal concentrations were dissolved.  Listed criteria are given 

for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, isopropalin, 

metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, simazine, trifluralin, and 
vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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 Plate 281. Summary of water quality conditions monitored in Cold Brook Reservoir at the mid-lake, deepwater 
ambient monitoring location (i.e., site CODLKML1) from May to September during the 7-year period 
2002 through 2008.  [Note: Results for water temperature, dissolved oxygen, conductivity, pH, 
turbidity, ORP, and chlorophyll a are for water column profile measurements.] 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 12 3582.7 3582.7 3582.0 3583.6 ----- ----- ----- 
Secchi Depth (in.) 1 11 186 168 120 263 ----- ----- ----- 
Water Temperature ( C) 0.1 160 20.3 20.5 14.1 25.8 18 3(1), 23.8(2), 26.6(3) 119, 40, 0 75%, 25%, 0%
Dissolved Oxygen (mg/l) 0.1 160 9.3 9.1 6.6 14.9 ≥ 7, ≥ 6 4, 0 3%, 0% 
Dissolved Oxygen (% Sat.) 0.1 160 110.8 108.1 72.7 194.1 ----- ----- ----- 
Specific Conductance (umho/cm) 1 160 478 478 443 530 ----- ----- ----- 
pH (S.U.) 0.1 160 8.3 8.3 8.1 8.5 ≥6.6 & ≤9.0 0 0% 
Turbidity (NTUs) 1 85 ----- n.d. n.d. 3 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 86 330 326 248 419 ----- ----- ----- 
Chlorophyll a (ug/l) 1 52 3 2 n.d. 7 ----- ----- ----- 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH is 

an arithmetic mean based on measured values (i.e , log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Water temperature criterion for protection of coldwater permanent fish life propagation. 
 (2) Water temperature criterion for protection of coldwater marginal fish life propagation.   
 (3) Water temperature criterion for protection of warmwater permanent fish life propagation. 

 Plate 282. Summary of water quality conditions monitored in Cold Brook Reservoir at the up-lake, deepwater 
ambient monitoring location (i.e., site CODLKUPL1) from May to September during 2008.  [Note: 
Results for water temperature, dissolved oxygen, conductivity, pH, turbidity, ORP, and chlorophyll a
are for water column profile measurements.] 

 
Monitoring Results Water Quality Standards Attainment  

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 4 3582.3 3582.3 3582.0 3582.5 ----- ----- ----- 
Secchi Depth (in.) 1 4 124 108 98 181 ----- ----- ----- 
Water Temperature ( C) 0.1 30 21.6 21.6 14.3 25.3 18 3(1), 23.8(2), 26.6(3) 27, 9, 0 90%, 30%, 0%
Dissolved Oxygen (mg/l) 0.1 30 9.5 9.6 6.9 10.4 ≥ 7, ≥ 6 1, 0 3%, 0% 
Dissolved Oxygen (% Sat.) 0.1 30 112.2 111.3 84.3 129.4 ----- ----- ----- 
Specific Conductance (umho/cm) 1 30 470 460 451 501 ----- ----- ----- 
pH (S.U.) 0.1 30 8.4 8.4 7.6 8.5 ≥6.6 & ≤9.0 0 0% 
Turbidity (NTUs) 1 30 ----- n.d. n.d. 3 ----- ----- ----- 
Oxidation-Reduction Potential (mV) 1 30 308 300 280 333 ----- ----- ----- 
Chlorophyll a (ug/l) 1 30 4 3 n.d. 17 ----- ----- ----- 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 

is an arithmetic mean based on measured values (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Water temperature criterion for protection of coldwater permanent fish life propagation. 
 (2) Water temperature criterion for protection of coldwater marginal fish life propagation.   
 (3) Water temperature criterion for protection of warmwater permanent fish life propagation. 
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Plate 284. Temperature depth profiles for Cold Brook Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., CODLKND1) during the summer over the 9-year period of 
2000 through 2008. 
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Plate 285. Longitudinal dissolved oxygen (mg/1) contom plots of Cold Brook Reservoir based on depth-proflle 
dissolved oxygen concentrations measmed at sites CODLKNDl , CODLKMLI , and CODLKUPl in 
2008. 
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Plate 286. Dissolved oxygen depth profiles for Cold Brook Reservoir compiled from data collected at the near-dam, 

deepwater ambient monitoring site (i.e., CODLKND1) during the summer over the 9-year period of 2000 
through 2008. 
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Plate 287. Longitudinal oxidation-reduction potential (m V) contour plots of Cold Brook Resetvoir based on depth
profile ORP levels measured at sites CODLKNDl , CODLKMLl, and CODLKUPl in 2008. 
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Plate 288. Oxidation-reduction potential depth profiles for Cold Brook Reservoir compiled from data collected at 

the near-dam, deepwater ambient monitoring site (i.e., CODLKND1) during the summer over the 6-year 
period of 2003 through 2008. 
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Plate 289. Longitudinal pH (S.U.) contour plots of Cold Brook Reservoir based on depth-profile pH levels 
measured at sites CODLKNDl, CODLKMLl, and CODLKUPI in 2008. 
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Plate 290. pH depth profiles for Cold Brook Reservoir compiled from data collected at the near-dam, deepwater 

ambient monitoring site (i.e., CODLKND1) during the summer over the 9-year period of 2000 through 
2008. 
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Plate 291. Historic trends for Secchi depth, total phosphorus, chlorophyll a, and Trophic State Index (TSI) 

monitored in Cold Brook Reservoir at the near-dam, ambient site (i.e., site CODLKND1) over the 29-
year period of 1980 through 2008. 
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 Plate 292. Summary of water quality conditions monitored in Cottonwood Springs Reservoir at the near-dam, 
deepwater ambient monitoring location (i.e., site COTLKND1) from May to September during the 3-
year period 2000 through 2002.  [Note: Results for water temperature, dissolved oxygen, conductivity, 
and pH are for water column profile measurements.  Results for hardness, metals, and pesticides are 
for “grab samples” collected at ½ the measured Secchi depth.  Results for other parameters are for 
“grab samples” collected at near-surface and near-bottom depths.] 

Monitoring Results Water Quality Standards Attainment 
 

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent 
WQS 

Exceedence
Pool Elevation (ft-msl) 0.1 8 3867.1 3866.4 3863.8 3871.9 ----- ----- ----- 
Water Temperature ( C) 0.1 89 20.0 21.0 13 9 26.0 26.6 0 0% 
Dissolved Oxygen (mg/l) 0.1 89 7.0 7.4 0 2 8.9 ≥ 6, ≥ 5 13, 9 15%, 10% 
Dissolved Oxygen (% Sat.) 0.1 89 87.4 89.5 2.0 118.6 ----- ----- ----- 
Specific Conductance (umho/cm) 1 89 1,685 1,750 905 1,829 ----- ----- ----- 
pH (S.U.) 0.1 87 8.0 8.0 7.4 8.3 ≥6.6 & ≤9.0 0 0% 
Secchi Depth (in.) 1 7 235 236 146 394 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 12 89 86 51 158 ----- ----- ----- 
Ammonia, Total (mg/l) 0.2 4 ----- 0.02 n.d. 0.60 8.41(1), 1.57(2) 0 0% 
Hardness, Total (mg/l) 0.4 10 1,031 1,078 290 1,233 ----- ----- ----- 
Kjeldahl N, Total (mg/l) 0.1 12 ----- 0.1 n.d. 0.8 ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 12 ----- n.d. n.d. 0.09 10(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 12 0.02 0.02 n.d. 0.05 ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 12 ----- n.d. n.d. n.d. ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 12 ----- n.d. n.d. 6 158(1), 90(2) 0 0% 
Antimony, Dissolved (ug/l) 6 1 ----- n.d. n.d. n.d. 6(4) 0 0% 
Arsenic, Total (ug/l) 3 4 ----- n.d. n.d. 5 340(1), 150(2), 0.018(3) 0, 0, b.d. 0% 
Beryllium, Dissolved (ug/l) 0.5 1 ----- n.d. n.d. n.d. 4(3) 0 0% 
Cadmium, Dissolved (ug/l) 0.5 1 ----- n.d. n.d. n.d. 48(1), 5.9(2) 0 0% 
Chromium, Dissolved (ug/l) 2 1 ----- n.d. n.d. n.d. 3,847(1), 1,248(2) 0 0% 
Copper, Total (ug/l) 2 4 ----- n.d. n.d. n.d. 160(1), 87(2), 1,300(3) 0 0% 
Lead, Total (ug/l) 2 4 ----- n.d. n.d. n.d. 746(1), 29(2) 0 0% 
Mercury, Dissolved (ug/l) 0.02 1 ----- n.d. n.d. n.d. 1.4(1) 0 0% 
Mercury, Total (ug/l) 0.02 2 ----- n.d. n.d. n.d. 0.012(6) b.d. b.d. 
Nickel, Dissolved (ug/l) 3 1 ----- n.d. n.d. n.d. 10,579(1), 1,175(2) 0 0% 
Silver, Dissolved (ug/l) 1 1 ----- n.d. n.d. n.d. 206(1) 0 0% 
Zinc, Total (ug/l) 3 4 ----- n.d. n.d. 5 858(1), 784(2),7,400(3) 0 0% 
Alachlor, Total (ug/l)(C) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Metolachlor, Total (ug/l)(C) 0.05 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Pesticide Scan (ug/l)(D) 0.05 1 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected.  b.d. = Below detection. 
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 

is an arithmetic mean based on measured values (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
 (3) Human health criterion for surface waters. 
 (4) Daily maximum criterion for domestic water supply. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, most analyzed metal concentrations were dissolved.  Listed criteria 

are given for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 
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Plate 293. Summary of water quality conditions monitored in Cottonwood Springs Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site COTLKML1) from May to September during 2002 
and 2003.  [Note: Results for water temperature, dissolved oxygen, conductivity, and pH are for water 
column profile measurements.  Results for hardness, metals, and pesticides are for “grab samples” 
collected at ½ the measured Secchi depth.  Results for other parameters are for “grab samples” 
collected at near-surface and near-bottom depths.] 

Monitoring Results Water Quality Standards Attainment 
 

Parameter Detection 
Limit 

No. of  
Obs. 

 
Mean(A)

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria(B) 

No. of WQS 
Exceedences

Percent 
WQS 

Exceedence
Pool Elevation (ft-msl) 0.1 5 3864.1 3864.2 3862 1 3865.6 ----- ----- ----- 
Water Temperature ( C) 0.1 78 21.1 21.2 14.6 25.6 26.6 0 0% 
Dissolved Oxygen (mg/l) 0.1 78 7.2 7.3 1.6 9.1 ≥ 6, ≥ 5 9, 9 12%, 12% 
Dissolved Oxygen (% Sat.) 0.1 78 91.5 92.7 19 3 117.9 ----- ----- ----- 
Specific Conductance (umho/cm) 1 78 1,775 1,782 1,706 1,827 ----- ----- ----- 
pH (S.U.) 0.1 78 8.1 8.0 7.4 8.9 ≥6.6 & ≤9.0 0 0% 
Secchi Depth (in.) 1 5 233 221 202 276 ----- ----- ----- 
Alkalinity, Total (mg/l) 7 2 51 51 46 56 ----- ----- ----- 
Ammonia, Total (mg/l) 0.2 2 ----- n.d. n.d. n.d. 8.41(1), 1.55(2) 0 0% 
Kjeldahl N, Total (mg/l) 0.1 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Nitrate-Nitrite N, Total (mg/l) 0.02 2 ----- n.d. n.d. n.d. 10(4) 0 0% 
Phosphorus, Total (mg/l) 0.02 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Phosphorus-Ortho, Dissolved (mg/l) 0.02 2 ----- n.d. n.d. n.d. ----- ----- ----- 
Suspended Solids, Total (mg/l) 4 2 ----- n.d. n.d. 6 158(1), 90(2) 0 0% 
Chlorophyll a (ug/l) 1 1 ----- n.d. n.d. n.d. 6(4) 0 0% 
Alachlor, Total (ug/l)(C) 0.05 1 ----- n.d. n.d. n.d. ----- ----- ----- 
Atrazine, Total (ug/l)(C) 0.05 1 ----- n.d. n.d. n.d. ----- ----- ----- 
Metolachlor, Total (ug/l)(C) 0.05 1 ----- n.d. n.d. n.d. ----- ----- ----- 
n.d. = Not detected.  
(A) Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 

is an arithmetic mean based on measured values (i e., log conversion of logarithmic pH values was not done to calculate mean). 
(B) (1) Acute criterion for aquatic life.   
 (2) Chronic criterion for aquatic life.  
 (3) Human health criterion for surface waters. 
 (4) Daily maximum criterion for domestic water supply. 
 Note: North Dakota’s WQS criteria for metals are based on total recoverable, most analyzed metal concentrations were dissolved.  Listed criteria 

are given for comparison and were calculated using the median hardness.  
(C) Immunoassay analysis. 
(D) The pesticide scan (GCMS) includes: acetochlor, alachlor, atrazine, benfluralin, butylate, chlorpyrifos, cyanazine, cycloate, EPTC, hexazinone, 

isopropalin, metribuzin, metolachlor, molinate, oxadiazon, oxyfluorfen, pebulate, pendimethalin, profluralin, prometon, propachlor, propazine, 
simazine, trifluralin, and vernolate.  Individual pesticides were not detected unless listed under pesticide scan. 

 

 Plate 294. Summary of water quality conditions monitored in Cottonwood Springs Reservoir at the mid-lake, 
deepwater ambient monitoring location (i.e., site COTLKML1) from May to September during 2002 
and 2003.  [Note: Results for water temperature, dissolved oxygen, conductivity, and pH are for water 
column profile measurements.] 

Monitoring Results Water Quality Standards Attainment  
Parameter Detection 

Limit 
No. of  
Obs. 

 
Mean*

 
Median

 
Min. 

 
Max. 

State WQS 
Criteria** 

No. of WQS 
Exceedences 

Percent WQS 
Exceedence 

Pool Elevation (ft-msl) 0.1 4 3864.6 3864.6 3863.8 3865.6 ----- ----- ----- 
Water Temperature ( C) 0.1 62 20.3 21.0 14.6 25.6 26.6 0 0% 
Dissolved Oxygen (mg/l) 0.1 62 7.1 7.3 2.4 8.9 ≥ 7, ≥ 6 6, 6 10%, 10% 
Dissolved Oxygen (% Sat.) 0.1 62 91.6 90.6 32.8 117.9 ----- ----- ----- 
Specific Conductance (umho/cm) 1 62 1,771 1,761 1,706 1,827 ----- ----- ----- 
pH (S.U.) 0.1 62 8.0 8.0 7.4 8.2 ≥6.6 & ≤9.0 0 0% 
Secchi Depth (in.) 1 4 223 219 202 252 ----- ----- ----- 
* Nondetect values set to 0 to calculate mean.  If 20% or more of observations were nondetect, mean is not reported.  The mean value reported for pH 

is an arithmetic mean based on measured values (i.e., log conversion of logarithmic pH values was not done to calculate mean). 
** (1) Water temperature criterion for protection of coldwater permanent fish life propagation. 
 (2) Water temperature criterion for protection of coldwater marginal fish life propagation.   
 (3) Water temperature criterion for protection of warmwater permanent fish life propagation. 
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Plate 295. Temperature depth profiles for Cottonwood Springs Reservoir compiled from data collected at the near-

dam, deepwater ambient monitoring site (i.e., COTLKND1) during the summer of  2001 and 2002. 
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Plate 296. Dissolved oxygen depth profiles for Cottonwood Springs Reservoir compiled from data collected at the 

near-dam, deepwater ambient monitoring site (i.e., COTLKND1) during the summer of 2001 and 2002. 


